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Abstract  

Electroencephalography (EEG) is a non-invasive technique used to record electrical activity of the 

brain. Since its invention in the early 20th century by Hans Berger, EEG has become an essential 

tool in neuroscience, clinical diagnostics, and brain-computer interface research. This article 

explores the structure of the EEG apparatus and its role in studying brain activity, detailing both 

technical and functional aspects of the technology. Understanding EEG: Basic Principles EEG 

measures voltage fluctuations resulting from ionic current flows within the neurons of the brain. 

These electrical signals are recorded from the scalp using electrodes and provide insights into brain 

functions such as sleep, attention, cognition, and even disorders like epilepsy and Alzheimer’s 

disease. 

 

 

Introduction  

The brain's electrical signals are relatively weak (in the range of microvolts), so the EEG apparatus 

is designed with high sensitivity and precision to detect and amplify these signals. 

Structure of the EEG Apparatus: the EEG system comprises several interconnected components 

that work in tandem to capture and process brain signals accurately. These components include: 

Electrodes are the primary contact points between the EEG system and the scalp. They are usually 

made of conductive materials such as silver-silver chloride (Ag/AgCl) or gold and are placed 

according to standardized systems like the International 10-20 System. 

 

Types: 

Passive electrodes: Basic metal discs. 

Active electrodes: Include pre-amplification. Dry electrodes: Do not require conductive gel. 

Wet electrodes: Use gel to improve conductivity. 

Placement: Electrodes are placed strategically to capture signals from specific regions of the brain. 

Each placement corresponds to functional brain areas like the frontal (F), parietal (P), occipital 

(O), and temporal (T) lobes. 

 

Amplifiers: 

Because EEG signals are extremely small, amplifiers are used to boost the signal strength before 

processing. A typical EEG amplifier has a gain of 10,000 to 100,000 times. 
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Differential amplifiers are common in EEG systems to reduce noise and focus on the potential 

difference between two electrodes. 

 

Analog-to-Digital Converter (ADC) 

EEG signals are analog in nature. The ADC transforms these analog signals into digital form so 

they can be processed and analyzed by computer systems. The sampling rate is crucial—typical 

EEG systems sample at rates from 128 Hz to 1000 Hz, depending on the application. 

Filters remove unwanted noise from the signals. EEG signals can be contaminated by muscle 

movement, eye blinks, or external electrical devices. Filters include: High-pass filters: Remove 

slow drifts and DC components. Low-pass filters: Remove high-frequency noise. 

Notch filters: Remove specific frequency interferences, such as 50/60 Hz power line noise. 

 

Computer System and EEG Software: 

The data from electrodes is displayed and analyzed using software on a computer. Modern EEG 

software allows real-time visualization, event marking, and advanced signal processing techniques 

like Fast Fourier Transform (FFT), wavelet analysis, and independent component analysis (ICA). 

 

Electrode Cap or Headset: 

 In many systems, electrodes are embedded into a cap or headset that simplifies placement and 

improves consistency across sessions. These caps often use the 10- 20 or 10-10 international 

electrode placement systems. 

 

Studies of Brain Activity Using EEG: 

EEG is widely used in both research and clinical settings. Some major applications include: 

EEG is critical in studying sleep stages and disorders like insomnia, narcolepsy, and sleep apnea. 

Specific brainwave patterns—like alpha, theta, and delta waves— indicate different sleep stages. 

Polysomnography, a comprehensive sleep study, uses EEG along with other physiological 

measurements.  

 

Epilepsy Diagnosis: 

One of the most common clinical uses of EEG is diagnosing and monitoring epilepsy. EEG can 

detect abnormal electrical discharges, known as epileptiform activity, and help localize the origin 

of seizures.  

EEG is used to investigate cognitive processes like attention, perception, memory, and language. 

Event-Related Potentials (ERPs) are a key tool in this field, allowing researchers to examine the 

brain's response to specific stimuli with high temporal resolution. 

Brain-Computer Interfaces (BCIs): 

BCIs use EEG signals to control external devices, providing communication tools for individuals 

with severe physical disabilities. Techniques like motor imagery and steady-state visually evoked 

potentials (SSVEPs) are common in BCI 

applications. 
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Neurofeedback and Mental Health: 

EEG neurofeedback involves training individuals to self-regulate their brain activity. This 

technique is being explored for treating conditions like ADHD, 

anxiety, and depression. It’s based on the idea that individuals can learn to produce more desirable 

brainwave patterns through real-time feedback. 

 

Advantages and Limitations of EEG Advantages 

Non-invasive and safe: No electrical current enters the brain. 

High temporal resolution: EEG can detect changes in brain activity on the order of milliseconds. 

Cost-effective: Compared to imaging techniques like fMRI or PET, EEG is relatively inexpensive. 

Portable: Modern wireless EEG systems allow studies outside traditional lab settings. 

 

Limitations: 

Poor spatial resolution: It’s difficult to determine the exact origin of electrical activity within the 

brain. 

Susceptibility to artifacts: Movement, eye blinks, and muscle activity can interfere with signal 

quality. 

Interpretation challenges: Requires expertise to differentiate between normal and abnormal 

patterns. 

 

Conclusion:  

The electroencephalography (EEG) apparatus is a highly advanced and essential system that plays 

a crucial role in the investigation and understanding of brain function. This complex device is 

composed of several integral components—including electrodes, amplifiers, signal converters, and 

analytical software—that work in unison to record and interpret the brain’s electrical activity with 

precision and detail. These recordings offer valuable insights into both normal and abnormal brain 

processes, making EEG an indispensable tool in the fields of neuroscience and clinical medicine. 

Although EEG does have certain limitations, such as relatively low spatial resolution compared to 

some imaging techniques, it remains one of the most widely used, accessible, and cost-effective 

methods for monitoring brain activity. Its non-invasive nature and real-time recording capabilities 

make it particularly useful in diagnosing and managing a variety of neurological disorders, such 

as epilepsy, sleep disorders, and brain injuries. 

With the rapid advancement of technology, modern EEG systems are continuously evolving. They 

are becoming more compact, easier to use, and increasingly equipped with artificial intelligence 

and machine learning algorithms to assist in the automated analysis of brainwave data. These 

innovations are greatly expanding the scope of EEG applications—not only in clinical settings but 

also in cutting-edge areas like brain-computer interfaces, cognitive enhancement, and 

neurofeedback training. 

In summary, the EEG system continues to be a foundational tool for exploring the human brain. 

As technological improvements progress, its role is expected to grow even further, offering new 

opportunities for research, diagnosis, treatment, and human-computer interaction. 
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