
OUTLINE AND GOALS

• The MR system

• History of MRI

• Magnetic fields

• Internal components of MRI and RF coils

• Magnetic properties of materials and nuclear characteristics

• The Larmor equation and precession

• Magnetic moment and flip angles

• Longitudinal and transverse relaxation

• T1, T2, and T2*



HISTORY OF MRI DEVELOPMENTS



THE PRINCIPLES OF MRI

involves three sequential steps:

•The alignment (polarization) of the magnetic nuclear spins in an applied, 

constant magnetic field B0.

•The perturbation of this alignment of the nuclear spins by a weak 

oscillating magnetic field, usually referred to as a radio-frequency (RF) 

pulse set at the Larmor frequency, which is dependent upon the static 

magnetic field (B0) and the nuclei of observation.

•The detection of the NMR signal during or after the RF pulse is possible 

due to the current induced in a detection coil by precession of the nuclear 

spins around B0. 



BASIC MRI INGREDIENTS



INTERNAL COMPONENTS
• Superconducting coils 

of the main are cooled 

with a cryogenic liquid 

(Helium)

• RF coils are used to 

transmit and receive 

offset fields.

• Gradient coils (3D) 

produce linear 

variation across the 

imaging volume. (0.01-

1.0 Gauss/cm)

• Shim coils (passive or 

active) interact with the 

main magnet to 

improve homogeneity 

over the imaging 

volume.



THE MRI SYSTEM



MAGNETIC FIELDS





GRADIENT MAGNETIC FIELDS





MAGNETIC PROPERTIES OF MATERIALS

• Diamagnetic materials have slightly negative susceptibility and oppose the applied 

magnetic field.

• Due to paired electrons in the surrounding orbitals

• E.g. Calcium, water, most organic materials

• Paramagnetic have slightly positive susceptibility and enhance the local magnetic 

field but have no ‘self-magnetism.

• O2, deoxyhemoglobin, some blood degradation products (methemoglobin), and 

Gadolinium-based contrast agents.

• Ferromagnetic can produce very strong self-magnetism

• Iron, cobalt, nickel



MAGNETIC CHARACTERISTICS OF THE NUCLEUS

• Magnetic properties are influenced by spin and charge 

distributions intrinsic to the proton and neutron.

• The proton has magnetic dipole with positive charge

• The neutron is uncharged, but associated nuclear spin result 

in a magnetic field of opposite direction and approximately 

the same strength as the proton.

• The net nuclear characteristics yield the nuclear magnetic 

moment.



NUCLEAR MAGNETIC CHARACTERISTICS OF 

THE ELEMENTS

• Nuclei with odd number (if A is odd) of nuclear 

elements can be used to generate MRI signals

• Hydrogen with a single proton is most commonly used have 

a very large magnetic moment and abundance.



ZEEMAN SPLITTING



NMR ENERGY LEVELS



ADDING ENERGY TO THE SYSTEM

• Add RF energy at Larmor frequency (resonance)

• Magnetic field component of RF is referred to as B1



SUM OF NUCLEAR MAGNETIC MOMENT

• M is a vector sum of 

all the individual 

magnetic moments of 

each nuclei

• M parallel to B0 is the 

longitudinal

component

• M perpendicular to B0

is the transverse

component



THE LARMOR EQUATION



WITHOUT TRANSVERSE MAGNETIZATION



WITH TRANSVERSE MAGNETIZATION  (B1)



THE FLIP ANGLE VS. B1 AND TIME

• Size of the flip angle 

depends on the 

duration and 

magnitude of B1.

• Common flip angles 

are 90o for maximum 

transverse 

magnetization, while 

180o flip angle will 

invert the longitudinal 

magnetization.



FREE INDUCTION DECAY



SUMMARY - NMR IN A NUTSHELL



THE FID SIGNAL



MORE ON RELAXATION AND DECAY



RETURN TO EQUILIBRIUM: T1 RELAXATION



TRANSVERSE MAGNETIZATION



MAGNETIC INHOMOGENEITIES

• T2* contain both intrinsic and extrinsic contributions.

• T2 contain only intrinsic inhomogeneities (in the hydration layer).

• Amorphous materials lack a hydration layer and result in long T2 values.  (e.g. 

CSF or edematous tissue)

• Larger molecules and the presence of a hydration layer produce magnetic fields 

and increase dephasing leading to a short T2 (e.g. bone)

• Extrinsic inhomogeneities include MR contrast materials, paramagnetic 

inhomogeneities, and static external field inhomogeneities

T2* 

always 

less than 

T2



INTRINSIC AND EXTRINSIC PARAMETERS



T1 & T2 OF VARIOUS TISSUES



DEPHASING



T2 AND T2*



https://www.imaios.com/en/e-Courses/e-MRI/MRI-signal-contrast/180-RF-pulse

RELAXATION AND INVERSION VIDEOS



FLIP ANGLE DEPENDENCE

https://www.imaios.com/en/e-Courses/e-MRI/MRI-signal-contrast/180-RF-pulse



T1 WEIGHTED IMAGE

• Short TR, short TE



T2 WEIGHTED IMAGE

• Long TR, Long TE



PROTON DENSITY WEIGHTED IMAGE

• Long TR, short TE



HELPFUL CHARTS



SPATIAL ENCODING OF MR SIGNALS

• Determination of Mz, Mxy as a 

function of the spatial variable 

(x,y,z)



K-SPACE



MRI – FIRST IMAGES



MR BIOEFFECTS AND SAFETY
• Strong magnetic fields, cryogenic liquids, claustrophobia, 

and loud acoustic noise

• Patients with implants, prostheses, aneurysm clips, 

pacemakers, heart values, etc.

• Heating of foreign 

objects.

• Unaccounted metal 

objects in the MR 

scanner room have 

lead to death.

• As such, proper 

signage is a 

requirement

https://www.youtube.com/watch?v=6BBx8BwLhqg&t=1s



MR SAFETY – THIS IS REAL



MR PERSONNEL AND MR SAFETY ZONES



MR SAFETY



MR BIOEFFECTS AND SAFETY
• Long term biologic effects are not well known.

• >4T, dizziness and disorientation have been reported.

• >20 T, enzyme kinetic changes have been documented.

• Fast switching gradients can induce nerves or tissues.

• Pregnancy is typically not an issue, but minimum 

exposure in the MR environment is recommended.

• Contrast agents have been documented to pass the 

placental barrier and enter fetus.



FDA GUIDELINES



HELPFUL INFO



END

• https://www.youtube.com/watch?v=djAxjtN_7VE

• https://www.youtube.com/watch?v=4dbQxyrhZ2A

• https://www.imaios.com/en/e-Courses/e-MRI


