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Neural Oscillations: Understanding Rhythms of the Brain
Jing Wang*

Department of Cognitive Neuroscience, Peking University, China

DESCRIPTION
Neural oscillations, also known as brain waves, are rhythmic 
or repetitive patterns of neural activity in the central nervous 
system. These oscillations are a fundamental mechanism by 
which neurons communicate and coordinate their activity to 
support various cognitive processes, including perception, 
memory, and attention. Neural oscillations are typically 
categorized based on their frequency into different bands, 
such as delta, theta, alpha, beta, and gamma, each associated 
with specific brain functions and states of consciousness. 
Understanding these oscillations provides insight into how 
the brain organizes and processes information. Delta waves, 
with frequencies below 4 Hz, are most prominent during deep 
sleep and are believed to play a role in restorative processes. 
Theta waves, ranging from 4 Hz to 8 Hz, are associated with 
states of drowsiness, light sleep, and meditative states. They 
are also linked to memory encoding and retrieval processes. 
Alpha waves, with frequencies between 8 Hz and 12 Hz, are 
observed during relaxed, wakeful states, particularly when 
the eyes are closed. These waves are thought to represent a 
state of readiness for processing sensory information. Beta 
waves, ranging from 13 Hz to 30 Hz, are associated with active, 
focused mental states and cognitive tasks, while gamma 
waves, with frequencies above 30 Hz, are linked to high-level 
cognitive functions such as perception, consciousness, and 
the integration of sensory information. Neural oscillations are 
generated by the synchronous activity of large populations of 
neurons, often involving feedback loops within local circuits 
and across different brain regions. These oscillations can 
be measured using electrophysiological techniques such as 
Electroencephalography (EEG) and Magneto encephalography 
(MEG), which provide high temporal resolution and allow 
researchers to observe the dynamics of brain activity in real-
time. Research into neural oscillations has revealed their 
importance in various cognitive functions. For instance, theta 
oscillations in the hippocampus are critical for spatial navigation 
and memory consolidation. Gamma oscillations, on the other 
hand, are involved in feature binding, the process by which 

the brain integrates different attributes of a sensory stimulus 
into a coherent perception. The interplay between different 
oscillatory frequencies, known as cross-frequency coupling, is 
also crucial for cognitive processes. For example, the coupling 
between theta and gamma oscillations is thought to support 
working memory by coordinating the timing of information 
encoding and retrieval. Abnormal neural oscillations have been 
implicated in various neurological and psychiatric disorders. 
For instance, disruptions in gamma oscillations are observed 
in schizophrenia, potentially contributing to symptoms such 
as impaired perception and cognitive deficits. Altered alpha 
oscillations have been linked to attention deficits in disorders 
like ADHD, while abnormal beta oscillations are associated 
with motor dysfunction in Parkinson’s disease. Understanding 
these alterations in oscillatory activity can provide insights 
into the pathophysiology of these conditions and inform 
the development of targeted therapeutic interventions. 
Interventions aimed at modulating neural oscillations are 
being explored as potential treatments for neurological and 
psychiatric disorders. Techniques such as Transcranial Magnetic 
Stimulation (TMS) and Transcranial Alternating Current 
Stimulation (tACS) are used to entrain neural oscillations at 
specific frequencies, with the goal of restoring normal brain 
rhythms and improving cognitive function. These approaches 
hold promise for conditions such as depression, epilepsy, and 
cognitive decline. As research into neural oscillations continues 
to advance, it is becoming increasingly clear that these 
brain rhythms are a fundamental aspect of neural function, 
underlying the temporal organization of cognitive processes 
and the coordination of neural activity across different brain 
regions.
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