
TABLE OF CONTENTS

Personnel vi

Publications and Reports xiv

Introduction xix

GENERAL PHYSICS

I. Molecular Beams 1

Observation of the Vortex State in Niobium by Means of
an Atomic Beam 1

Low Spherical Aberration Electron Lens 5

II. Microwave Spectroscopy 13

Work Completed 13

A Study of Electromagnetic Oscillations in Spherical
Cavities 13

Fabrication of Thin-Film Superconducting Bolometers 13

III. Atomic Resonance and Scattering 15

Work Completed 15

Spin-Exchange Collisions between Alkali Atoms and Tar-
gets of Arbitrary Spin in a Uniform Magnetic Field 15

Relationship of the Action and the Semi-Classical Scattering
Amplitude 15

New Determination of Hydrogen-Deuterium g-Factor Ratio 23

IV. Electron Magnetic Resonance 29

Triplet-Triplet Absorption of Biphenyl-like Molecules Z9

V. Radio Astronomy 43

Pulsar Facility 43

Variation of Six Radio Sources at Four and Two
Centimeters 43

Further Observations of Galactic Water-Vapor Emission 48

VI. Solid-State Microwave Electronics 55

Smith Chart Plotting Circuit 55

Nonlinear Circuit Elements 57

Intermodulation Distortion 58

Avalanche Diode Analysis 59

QPR No. 94 iii



CONTENTS

VII. Physical Electronics and Surface Physics 61

Quasi-equilibrium Treatment of the Reaction of a Gas
with a Solid to Form Volatile Products: Erosion of
Tungsten by Oxidation 61

VIII. Physical Acoustics 73
Ultrasonic Attenuation in Fused Silica 73

IX. Electrodynamics of Media 75

Generation and Amplification of Very Short CO 2
Laser Pulses 75

Cross Relaxation in a Multilevel System 80

PLASMA DYNAMICS

X. Plasmas and Controlled Nuclear Fusion 89

Waves and Radiation 89

Theory of Ion Acoustic Waves 89

Three-Wave Coupling in Cylindrical Plasmas 100

Langmuir Probe in the Orbital Motion Regime 106

Nonlinear Harmonic Generation at Plasma Reso-
nances 108

Radiation Temperature of Extraordinary Waves 122

Development of the Cascade in Laser-Produced
Plasmas 130

Determination of the Energy Distribution of the
Hot-Electron Component in a Pulsed Electron-
Cyclotron Resonance Discharge 140

Instabilities Driven by Hot Electrons in a Magnetic
Mirror 146

Diffusion and Turbulence 151

Experiments on Wave- Particle Interaction 151

Fusion- Related Studies 156

Feasibility of Pulsed Fusion Devices 156

End Loss in a Magnetic Mirror Caused by Field
Fluctuations 160

Effect of High Fuel Burn-up in Proposed Deuterium-
Tritium Fusion Reactors 163

Synchrotron Radiation from a Fusion Plasma Enclosed
by Reflecting Walls 166

Stability of a Relativistic Electron Layer 173

QPR No. 94



CONTENTS

XI, Applied Plasma Research 181

Active Plasma Systems 181

Instability Theory and Nonuniform Media 181

Plasma Effects in Solids 190

Microwave Emission from Indium Antimonide Loops 190

Plasma Physics and Engineering 197

Ion Acoustic Wave Propagation near the Ion-Cyclotron
Frequency 197

Instability Observations in a Beam-Plasma Discharge 199

COMMUNICATION SCIENCES AND ENGINEERING

XII. Speech Communication 209

On the Feature "Advanced Tongue Root" 209

Acoustic Measurements for Speaker Recognition 216

XIII. Linguistics 223

Rule Exception Features Versus [± Foreign];
Evidence from Spanish 223

On Finnish Vowel Harmony 226

XIV. Cognitive Information Processing 233

Page Reader for a Reading Machine for the Blind 233

Output Displays for the M. I. T. Reading Machine 247

Spectral Transformation as a Psycholinguistic Technique:
A Summary 249

Image Restoration Using the Mellin Transform 253

Interactive Roentgenogram Analysis 256

Spatial Filtering with the New Scanner 257

Modular Picture Processing Package (MP 3 )  261

XV. Communications Biophysics 281

On Stochastic Neural Models of the Diffusion Type 281

Control of a Sensory-Motor Reflex in Crayfish Auditory
Masking 291

Microelectrode Recordings of Intracochlear Potentials 293

Intracochlear Responses to Tones 305

Effect of Cutting the Middle-Ear Muscles on Transmission
in Anesthetized Cats 317

Author Index 321

QPR No. 94


