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3.2 THE INDUCTION OF MAGNETIC RESONANCE SIGNALS 

 

The induction of magnetic resonance signals refers to the process by which electromagnetic 

signals are generated in a receiver coil due to the resonance of magnetic moments in a sample 

placed in a magnetic field. This principle is central to technologies like nuclear magnetic 

resonance (NMR) and magnetic resonance imaging (MRI).  

 

Static Magnetic Field (B₀) 

 • The sample, containing nuclei with magnetic moments (e.g., hydrogen nuclei in 

water), is placed in a strong, uniform magnetic field (B₀). 

 • This causes the magnetic moments to align with or against the field, creating a net 

magnetization vector along the direction of B₀. 

 

 Excitation by a Radiofrequency (RF) Pulse 

 • An RF coil applies an electromagnetic pulse at the Larmor frequency (specific to the 

nucleus and the strength of B₀). 

 • This pulse tips the net magnetization vector away from the B₀ axis into the transverse 

plane. 

 

 

 

 Precession of Magnetic Moments 

 • After the RF pulse, the magnetic moments precess around the B₀ field at the Larmor 

frequency. 

 • This precession creates a time-varying magnetic flux in the receiver coil. 

 

 Induction of Signal in the Receiver Coil 

 • According to Faraday’s law of electromagnetic induction, the precessing magnetic 

moments induce an alternating current in the receiver coil. 

 • The strength and frequency of this current correspond to the resonance condition and 

the properties of the sample. 

 

 Signal Detection and Processing 

 • The induced signal (called the free induction decay, or FID) is detected and 

processed to extract information about the sample. 

 • In NMR, this provides data on molecular structure and dynamics. In MRI, it creates 

spatially resolved images. 

 

Key Factors Influencing Signal Induction 

 • Field Strength (B₀): Higher fields improve signal-to-noise ratio (SNR) but increase 

equipment cost and complexity. 
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 • Relaxation Times (T₁ and T₂): These describe how the magnetization returns to 

equilibrium and decay, affecting signal strength. 

 • Coil Design: The sensitivity and geometry of the receiver coil impact signal detection 

efficiency. 

3.2.1  Bulk magnetization 

 

Bulk magnetization refers to the measure of the magnetic moment per unit volume of a 

material in its entirety. It describes how strongly a material is magnetized when subjected to 

an external magnetic field or in its natural state (if it’s inherently magnetic, like 

ferromagnets). 

 

Definition: 

 

Bulk magnetization is typically expressed as a vector quantity,  representing the net magnetic 

dipole moment per unit volume of the material. 

Units: 
The SI unit of magnetization is ampere per meter (A/m). 

Sources of Magnetization: 
Magnetization arises due to the alignment of magnetic moments of electrons, which can 

originate from: 

 • Electron spin (dominant in most cases). 

 • Electron orbital motion. 

 Types of Magnetic Materials: 

 • Diamagnetic: Weak and negative magnetization in response to an external field. 

 • Paramagnetic: Weak and positive magnetization. 

 • Ferromagnetic: Strong magnetization, even without an external field, due to the 

alignment of magnetic domains. 

 • Antiferromagnetic and Ferrimagnetic: Complex internal arrangements of magnetic 

moments. 

 Applications: 

 • Bulk magnetization plays a role in magnetic storage, magnetic resonance imaging 

(MRI), and the design of permanent magnets. 

 • It is also critical in understanding material properties for research and industrial 

applications. 

 

3.2.2 RELAXATION PROCESSES 

 

In nuclear magnetic resonance (NMR) and magnetic resonance imaging (MRI), T₁ and T₂ 

relaxation processes describe how nuclear spins return to equilibrium after being perturbed 



 ROHINI COLLEGE OF ENGINEERING&TECHNOLOGY 

 
  CBM335 MEDICAL IMAGING SYSTEMS 

by a radiofrequency pulse. These are fundamental to understanding how signals are generated 

and decay. 

 

T₁ Relaxation (Longitudinal or Spin-Lattice Relaxation) 

 • Definition: T₁ relaxation describes how the net magnetization along the longitudinal 

axis (z-axis) recovers to its equilibrium state. 

 • Mechanism: This process involves the exchange of energy between the nuclear spins 

and their surrounding environment (the “lattice”). Over time, energy is dissipated into the 

surroundings, and the spins realign with the external magnetic field (B₀). 

 • Time Constant: T₁ is the time it takes for the longitudinal magnetization to recover 

approximately 63% of its original value after being disturbed. 

 • Typical Timescale: Ranges from milliseconds to seconds, depending on the sample 

and field strength. 

 • Dependence: 

 • Tissue type (e.g., fat vs. water in MRI) 

 • Magnetic field strength 

 • Molecular motion and dynamics 

 

T₂ Relaxation (Transverse or Spin-Spin Relaxation) 

 • Definition: T₂ relaxation describes how the magnetization in the transverse plane 

(xy-plane) decays due to dephasing of the nuclear spins. 

 • Mechanism: Spins interact with each other, causing slight differences in their local 

magnetic environments. These differences lead to dephasing, which reduces the overall 

transverse magnetization. 

 • Time Constant: T₂ is the time it takes for the transverse magnetization to decay to 

approximately 37% of its original value. 

 • Typical Timescale: Shorter than T₁, often in the range of milliseconds. 

 • Dependence: 

 • Tissue microstructure and molecular interactions 

 • Magnetic field inhomogeneities 

 

Applications 

 • MRI: 

 • T₁-weighted images highlight differences in longitudinal relaxation (e.g., fat appears 

bright, water appears dark). 

 • T₂-weighted images emphasize differences in transverse relaxation (e.g., water 

appears bright, fat appears dark). 

 • NMR Spectroscopy: 
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 • Used to study molecular dynamics, interactions, and structural properties. 

 

 


