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W.R. ADEY

SUMMARY OF RESEARCH ACTIVITIES

Initial basic research activities centered on experimental anatomy in studies of structure and pathways relating limbic lobe to the diencephalon.  This work at the University of Oxford and University of Adelaide from 1946 to 1953 investigated the structural basis for participation of the temporal lobe of the brain in attentive behavior and learning processes.  In the same period, an increasing interest in electrophysiology led to design and construction of the first electroencephalographic recording amplifiers built in Australia, and construction of ancillary equipment, including stimulus pulse generators and cathode ray recording cameras.  Clinical studies of temporal lobe functions were also carried out in Adelaide and Melbourne, Australia, between 1953 and 1957.

Following his appointment to the University of California, Los Angeles, in 1957, his most active research has been in learning and memory mechanisms, by techniques which he developed for recording brain electrical activity in freely performing animals and man.  He has pioneered electrode techniques, radiotelemetry methods, and magnetic tape recording systems for biomedical data acquisition, in a variety of bioengineering and bioinstrumentation programs.  These methods were used to compile the first "library" of normal brain wave data in performing man.

By extensive use of digital computing techniques, including the first application of a general-purpose digital computer to time-series analysis of brain wave data, new knowledge has been gained on the patterns of electric waves accompanying learned behavior.  These techniques have involved pattern-recognition methods in characterizing correct and incorrect performances.

His studies in environmental physiology have included research on the effects of the space environment on brain functions in man and monkey.  They have shown fragmentation of states of sleep and wakefulness, modified circadian rhythms, and altered fluid balance in the weightless state.  He has developed a series of radio biotelemetry systems, and new methods in underwater biotelemetry.

He has combined electron microscopy of cerebral ultrastructure with new electrophysiological techniques of impedance recording to evaluate the role of macromolecules and surfaces of nerve cells in learning and memory.  This work has provided insight on stored information in brain tissue, and emphasizes the role of the surface of brain cells as potential storage sites.

He has shown a sensitivity of brain tissue to weak intrinsic and environmental electric fields, with behavioral, neurophysiological and biochemical effects induced by electric gradients orders of magnitude below those associated with classical synaptic excitation.  These new models of cerebral neuronal membrane organization envisage processes of membrane amplification, based on "cooperative" interactions between cell surface glycoproteins and divalent cations, particularly calcium.

He has pioneered new concepts in tranductive coupling of signals across cell membranes, involving the detection of hormonal, immune and neurotransmitter stimuli at cell membrane surfaces and transmission of signals to the cell interior.  This work has required novel applications of electromagnetic fields as tools in the study of these essential functions of cell membranes.  These studies have shown three essential stages in signaling across cell membranes.  They are characterized by nonlinear, nonequilibrium processes.  These models differ substantially from traditional equilibrium concepts of membrane excitation.  Imposed electromagnetic fields have revealed sensitivities in initial transductive events orders of magnitude higher than reported with traditional stimulation techniques.  Signals crossing the lipid bilayer may be carried as solitary waves or solitons on helical protein molecules.  The findings are of general significance in all areas of cell biology, and have close relevance to problems of brain function, aging and cancer.

He collaborated in the first meteor doppler radar studies in Australia, and in infrared planetary scanning studies with colleagues at the California Institute of Technology, using the 200 inch telescope at Mt.  Palomar.  As a hobby interest, he has made moon radar studies.
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