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Quantum Electronics

Spring 1963, Mo, We, Fr at lla.m.

Instructor: N, Bloembergen, Pierce Hall 231

Office Hour: After class or by appointment

A thorough background in electromagnetic theory, statistical and quantum

mechanics 1s prerequisite. There is no single required text, The

following list of references is recommended.

General

We
Jo

M.
\T *

A,
H.

Heitler, Quantum Theory of Radiation, Oxford University Press.

He Van Vleck, Theory of Electric and Magnetic Susceptibilities,
Oxford University Press.

Born and E. Wolf, Principles of Optics, Pergamon Press.

He Griffiths, Theory of Transition Metal Ions, Cambridge
University Press.

Abragam, Principles of Nuclear Magnetism, Oxford University Press.

A, Kramers, Quantum Mechanics.

Introduction to Masers and lasers

Js
A,
B.

R. Singer, Masers, yJiley and Sons.,

A. Vuylsteke, Elements of Maser Theory, Van Nostrand.

A, Langyel, Lasers, Yiley and Sons.

Review of Current Research

Quantum Electronics, edited by C. H. Townes, Columbia University

Press, 1960.

Advances in Quantum Electronics, edited by J. R. Singer, Columbia

University Press, 1961.

Proceedings IEEE, Quantum Electronics Issue, January 1963,

Supplement on Lasers, Journal of Applied Optics, 1962,



Tentative Outline of Lectures

(No lectures in the week February 11-15, 1963)

Review of the Interaction between Electromagnetic Radiation and Matter.
' 6 lectures
Quantization of the electromagnetic field
Absorption and stimulated emission
Spontaneous emission, natural line width
Elastic scattering and Raman scattering
Optimum phase definition of waves

Semiclassical Theory of Electric and Magnetic Susceptibilities
6 lectures

Kramers ~ Heilsenberg dispersion formula

Complex susceptibility of ensemble of atoms

Kramers ~ Kronig causality relation

Local fields and depolarizing fields in dense media
Wave propagation in the medium

Faraday and Kerr effect

Eunergy levels of paramagnetic ions

Tlementary Theory of Masexs and lasexs

7 lectures

Phenomenological description of damping

Rate equations and inverted distributions

Negative absorption and dispersion

Circuit representations, negative R, L, and C, traveling wave
masers, maser oscillators

Description of lasers, mode selection, coupled rate equations and
pulsed operation

Elementary theory of noise

Noise in oscillators

Semiclassical Theory of Non~linear Susceptibilities

4 lectures
Classical models of non=-linearity
Non~linear quantum processes, Higher order perturbation theory
for two and three level systems
Non~linear complex susceptibilities
Non~-linear dielectric tensors

Theoxry of Parametric Devices

5 lectures
Wave precpagation in non-linear media
Parametric amplifiers, up~- and-down converters, light modulators
Raman lasers



Exact Solution for Two level System

4 lectures
Rabi‘s solution
Ammonia team maser, hydrogen maser
Coupling between matter and cavity mode

Atomistic Theories of Damping and Relaxation

3 lectures
Spin~lattice relaxation
Inhomogeneous Broadening
Cross~Relaxation

Quantum Noise

4 lectures
Photon statistics in black=body radiztion
Coherent oscillators
Coherence functions
Noise in Masers, Parametric Amplifiers and Quantum Counters
Information and Channel Capacity
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