Physics 4061/5061 – Outline of Topics Covered by Lectures and Tutorials

Outline of Topics Covered By Lectures

Lectures will introduce theoretical concepts related to instrumentation used in laboratory experiments

Lecture 1: Characteristics of Lasers

Review of Atomic Processes in the Gain Medium - Spontaneous Emission, Simulated Absorption and Stimulated Emission

Coherence

Temporal Coherence - Coherence Time, Linewidth

Spatial Coherence - Transverse Coherence

Brightness

Lecture 2:  Review of Terms used to describe light-matter Interactions

Intensity

Poynting Vector

Energy Density

Radiation Pressure

Spectral Density

Atomic Lineshape Function

Spontaneous Emission and Einstein A coefficient

Lecture 3: Two level Atoms in Thermal Equilibrium

Relationship between Einstein A and B Coefficients

Interpretation of Spectral Density in terms of Electromagnetic Mode Density, Photon Energy and Occupation Number

Stimulated Emission Rate

Lecture 4: Electromagnetic Mode Density

Calculation of Electromagnetic Mode Density for 1D Cavity

Stimulated Emission Rate- Relationship to Atomic Line Shape Function and Incident Intensity

Lecture 5: Gain Coefficient- Requirement for Light Amplification
Fractional Change in Light Intensity in Amplifier

Population Inversion

Gain Coefficient and Interpretation

Absorption of Light - Beer’s law and Absorption Coefficient

Gain Narrowing

Lecture 6: Inversion Threshold for a Laser

Mirror-less Laser

Optical Feedback

Calculation of Threshold Density and Interpretation




Lecture 7: Laser Resonator- Fabry-Perot Cavity
Transmission Function of Fabry-Perot Interferometer

Connection with Laser Resonator

Longitudinal Modes

Lecture 8: Resolution of Fabry-Perot Interferometer

Estimate for Frequency Resolution




Free Spectral Range

Lecture 9: Laser Transverse Modes
Properties of Gaussian Spatial Mode

Characteristics of Gaussian Beam Propagation

Lectures 10: Gas Lasers and Semiconductor Lasers
Optically Pumped Gas Laser- He Ne Laser

Band Gaps in Semiconductors

Direct and Indirect Band Gap Materials

Connection to Laser Diodes/Light Emitting Diodes (LEDS) and Optical Detectors

Lecture 11: The p-n Junction
Junction Barrier – Depletion Zone

Forward and Reverse Bias

Current versus Voltage Characteristics

Lecture 12: Laser Diodes and LEDs
Characteristics

Threshold Current for Diode Laser

Lecture 13: Photodetectors
Vacuum Photodiodes and Photoconductive Detectors

Shot Noise and Johnson Noise

Outline of Topics Covered By Tutorials

Tutorials will provide the background for laboratory experiments in laser spectroscopy.

Tutorial 1: Operational Details of Diode Laser Spectroscopy

External Cavity Diode Lasers

Faraday Isolators

Rubidium Reference Cells

Tutorial 2: Saturated Absorption

Absorption and Fluorescence

Doppler Broadening

Doppler Free Resonances

Pump-Probe Spectroscopy and Experimental Setup

Tutorial 3: Rubidium Spectroscopy

Energy Levels in Rubidium –Fine Structure and Hyperfine Structure

Saturated Absorption Spectrum involving F=3 ground state in 85Rb.

Crossover Resonances

Tutorial 4: Frequency Modulation Spectroscopy

Applications Lock-in Detection

Heterodyne Detection

Laser Frequency Stabilization with Lock-in Amplifier

Tutorial 5: Acousto-Optic Modulators (AOMs)

Bragg Scattering

Frequency Shifts

Dual Pass AOMs

Tutorial 6: Polarization

Linear Polarizer

Polarizing Cube Beam Splitters

Quarter Wave and Half Wave Plates

Mirror Reversal and Time Reversal

Tutorial 7: Electro Optic Modulators (EOMs)

Phase Modulation

Intensity of Sidebands

Applications to Laser Frequency Stabilization

Tutorial 8: Optical Detectors, Zeeman Shift and Spectroscopic Designation
Termination and Rise Time

Comments on Zeeman Shift

Comments on Rb Atomic Structure

Tutorial 9: Gaussian Beams

Techniques for Spatial Profiling

Gaussian Beam Focusing and Collimation

PAGE  
1

