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 Magnetic 
◦ Greek words μαγνήτης (Magnet)  

 

 Resonance 
◦ Preferential/Natural Frequency of Oscillation  

◦ Nuclear Spin Resonance 

 

 Imaging 
◦ Forming images 



 A relatively recent medical imaging modality.  
 

 1940s  
◦ Physical phenomenon of nuclear magnetic 

resonance (NMR) has been known 

◦ Certain substances absorb and emit 
radiofrequency electromagnetic radiation when 
placed in an alternating magnetic field 

 



 Early 70s 
◦ Raymond V. Damadian recognized a difference in 

nuclear magnetic relaxation times of healthy and 
cancerous tissues.  

 

 1973 
◦ Paul C. Lauterbur made the first 2D NMR image 

◦ Practical application to the field of medical imaging 

 

 1974  
◦ Peter Mansfield  

◦ Presented the mathematical theory for fast scanning and 
3D image reconstruction, needed in clinical practice 



 2003 
◦ Lauterbur and Mansfield awarded the Nobel Prize in 

Medicine 
 

 The latest major discovery in MRI was 
functional magnetic resonance imaging 

 MRI focuses on the anatomical details 

 fMRI creates images showing the functional 
activities of the tissue.  
◦ Measures the blood oxygenation levels in the brain 

to monitor the brain functions 



 In essence, MRI measures a magnetic 
property of tissue. 

 

 Behavior of a single particle with angular 
momentum and magnetic moment in an 
external magnetic field 



 Angular momentum is employed when 
discussing the rotation of an object about 
an axis.  

 

 Description of the motion of the Earth 
involves two angular momenta 
corresponding to 
◦ the rotation of the Earth about the Sun,  

◦ the rotation about its own axis (spinning) 







 based on the spinning of 
a single proton in the 
presence of an external 
magnetic field 

 The protons have an 
intrinsic rotation around a 
central axis. 

 This rotation resembles 
the spinning of an off-
balance spinning top  



 The angle and the annular velocity of the 
rotation, ω, are both intrinsic properties of 
each particle.  

 

 The magnetic field 𝒎 is also specific to 
each particle or element 

 

 A moving charge has its own magnetic 
field, which is a function of the charge and 
speed of the motion 



 Atoms are nanoscale magnets that behave 
just like large magnets.  

 

 Atoms that have an odd atomic number or an 
odd atomic weight that can produce a nuclear 
spin. 

 

 The sum of the magnetic moments of these 
dipole groups, i.e., the sum of all individual 
𝒎’s, is called the nuclear magnetization 𝑴. 



 The MRI technology uses the nuclear spin of 
odd number atoms 
◦ hydrogen (1H) 

◦ sodium (23Na) 

◦ fluorine (19F) 

◦ carbon (13C) 

◦ phosphorus (31P) 

◦ potassium (39K) 

◦ lithium (7Li) 



 The nuclear magnetization is typically zero 

 There is a large number of such dipoles that 
essentially cancel the magnetic effects of 
each other 

 When human body is exposed to an external 
magnetic field, these ensembles start 
showing measurable magnetic effects 

 The interaction between the magnetic fields 
of the moving charges inside a tissue and an 
external magnetic field provides the means of 
NMR imaging 



 All nuclei with an odd number of protons 
are immersed in a static magnetic field, 𝐻0, 
in the z-direction.  

 A very strong constant magnetic field with a 
typical magnitude between 0.2 and about 3𝑇 
is used as 𝐻0.  
◦ Earth’s magnetic field is approximately 5 × 10−5𝑇  

◦ This strong external magnetic field creates a net 
magnetic field in the microscopic elements. 



 The resultant nuclear magnetization, 𝑴, is 
the total magnetic moment of all the 
microscopic units 



 This nuclear magnetization is oriented in the 
direction of the external field, either parallel 
to the external field or in the exact opposite 
direction (antiparallel). 

 



 these small magnetic spinning tops need to 
spiral down to the energy content of the 
forced direction.  

 

 The process of spiraling down from one 
direction to another direction is called 
precession.  

 

 The precession process plays an important 
role in magnetic imaging. 





 The resulting magnetization vector of the 
proton 𝑴 will swirl around the external 
magnetic field vector 𝑯 in a spiraling motion 
moving closer to the direction of the external 
field vector with every rotation until it is 
aligned.  

 

 This precession takes place with a particular 
frequency called the Larmor frequency, 
𝑓𝐿𝑎𝑟𝑚𝑜𝑟.  



 Directly correlated to the magnitude of the 
external magnetic field expressed in units 
Tesla.  

 

 Lamar frequency of the aligning of hydrogen 
nucleus: 

 

𝑓𝐿𝑎𝑟𝑚𝑜𝑟 = 42.58 𝐻0  
 



 Specific to each element 
 

 Hydrogen is the main element studied in NMR 
imaging 
 

 Larmor frequency of hydrogen plays a central 
role in NMR imaging. 
 

𝑓 = 𝛾 𝐻0  



 The proportionality between the charge and 
mass is often measured by a quantity called 
the gyromagnetic ratio 

 

 𝛾 =
𝑞

2𝑚
 

 

 

 



 Longitudinal Relaxation Time 𝑇1  

 𝑀𝑧 = 𝑁 1 − 𝑒
−

𝑡

𝑇1  

 

 Fat 

 Brain 

 CSF 
◦ Cerebro-Spinal fluid 



 Good for Anatomy 

 Generally not good for Pathology 

 CSF Dark 

 Blood and Fat are bright 

 



 Transverse Relaxation Time 𝑇2  

 𝑇2 < 𝑇1 

 



Tissue  𝑇1 (ms)  𝑇2 (ms) 

Water 3000 3000 

CSF 3000 2200 

Edema >1000 150 

Gray Matter 950 100 

White Matter 600 80 

Fat 250 50 



 CSF bright 

 Generally good for Pathology 

 



 During the decaying swirl, the energy 
difference between the natural spin orientation 
and the forced orientation is emitted as energy 
in the form of electromagnetic waves 

 

 This electromagnetic radiation is a critically 
damped oscillation, giving an exponentially 
decaying sinusoidal wave train. 

 

 

 



 The electromagnetic radiation pulse results in 
a magnetization alignment that emits a RF 
pulse of its own, which is referred to as the 
free induction decay (FID).  

 

 This pulse can be used to identify the 
magnetic characteristics of the tissue under 
investigation. 

 

 

 



𝑀𝑥𝑦 = 𝑀0𝑒
−
𝑡
𝑇2 





 Tissue Characteristics 

 Diffusion 

 Temperature 

 Flow, Velocity 

 Bold Oxygenation Level Dependent  
◦ FMRI 

 









 Spin is influenced 
selectively in a sagital slice, 
if a gradient from left to 
right is applied while radio 
waves are transmitted. 





∆𝑧 =
∆𝜔

𝛾𝐺𝑧
 



 

 

 𝑓0 = 𝛾 𝐻0  

 𝑓𝑥 = 𝛾 𝐻0 + 𝑥. 𝐺𝑥  

 𝑓𝑦 = 𝛾 𝐻0 + 𝑦. 𝐺𝑦  
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𝑚𝑇

𝑚
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 Diagnosing multiple sclerosis (MS) 

 Diagnosing brain tumors 

 Diagnosing spinal infections 

 Visualizing torn ligaments in the wrist, knee 
and ankle  

 Visualizing shoulder injuries  

 Evaluating bone tumors, and herniated discs 
in the spine 

 Diagnosing strokes in their earliest stages 



 No Ionizing Radiation / Safe 

 

 Soft tissue 3D visualization 

 

 Wide Variety of Contrast Mechanisms 

 

 

 

 



 Metallic objects out of the MRI room 
 People with pacemakers can't safely be 

scanned 
 Discomforting to People suffering from 

claustrophobia 
 The machine makes a very loud continuous 

hammering noise 
 Some people are too big to fit inside 
 Requires patients to hold very still for up to 

90 minutes or more 
 Expensive to buy – and run 
◦ An MRI scan costs about £500 



 MRI of Brain 

 Allows observing the brain while a certain 
task is performed 

 Study of Brain activity 



 Diagnosis of Neurological Disorders 

 Epilepsy  

 Schizophrenia 

 Intracranial lesions 

 Depression 

 Hearing impairment 

 Neurodegenerative Disorders 
◦ Motor Neuron Diseases 

◦ Parkinson’s Disease 

◦ Dementia and Alzheimer’s Disease 

 Inability to think and remember 

 



 Oxygenated Blood 
◦ Diamagnetic 

◦ 𝜇𝑟 < 1 

 

 Deoxygenated Blood 
◦ Paramagnetic 

◦ 𝜇𝑟 > 1 

 

 Deoxyhemoglobin 

 

 




