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■ Overview of the MR system

■ MR Safety

■ Visit and demo session
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OUTLINE



OVERVIEW MR SYSTEM
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MRI SYSTEM OVERVIEW
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■ Coils are everywhere!
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STATIC FIELD (B0)
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Iseult project, 11.7 T, ~150 tons Bruker’s strongest horizontal MRI, 21.0 T

Hyperfine Swoop, 64 mT, 630 kg

6.5 mT electromagnet, MGH

■ Produces the static magnetic field B0

– Permanent magnet (<1 T)

– Electromagnet (resistive, < 1 T)

– Superconducting magnet (from 0.5T up to 
11.7T human, 21.1T preclinical)
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SUPERCONDUCTING B0 COIL
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■ Superconductor: zero resistance below a critical temperature, field 
and current density

■ MRI magnets mostly use NbTi and NbSn filaments

Cheng et al. IEEE Transactions On Applied Superconductivity. 2007

4.
2K

2.
2K

Lyndon Evans. The LHC. 2009
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SUPERCONDUCTING B0 COIL

7

■ Superconductor: zero resistance below a critical temperature, field 
and current density

■ MRI magnets mostly use NbTi and NbSn filaments

mriquestionsBruker.com
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SUPERCONDUCTING B0 COIL
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American Magnetics

■ Typically: cryogenic liquids required 
to maintain superconductivity.

– Liquid nitrogen (77K)

– Liquid helium (4.2K)

■ Stefan–Boltzmann law:

Radiant emittance : 𝑀𝑀 = 𝜖𝜖𝜎𝜎𝑇𝑇4

– 𝜖𝜖: Emissivity

– 𝜎𝜎: Stefan–Boltzmann constant

– 𝑇𝑇: Temperature

■ Insulation with vacuum, radiation 
shields, multilayer blankets.
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STATIC FIELD INHOMOGENEITY
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■ Induced by the scanner and local environment

■ Induced by the imaging subject

Robin de Graaf, ISMRM 2019
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PASSIVE SHIMMING
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mriquestions.com

■ Pieces of iron or steel placed to 
compensate inhomogeneities of 
the main magnet.

■ Usually installed once.
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ACTIVE SHIMMING
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■ Superconducting or resistive shim coils

Spherical harmonic functions up to second order 
on the surface of the unit sphere.

Robin de Graaf, ISMRM 2019

First and second order shim coils
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GRADIENT COILS
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■ Produce calibrated distortions of B0 in the x-, y- or z- directions.

■ Adds a magnetic field component parallel to B0

■ Typical strength: 40mT/m (human), 300mT/m (small)

mriquestions.com
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GRADIENT COILS
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■ Linear variation in magnetic field intensity in a direction in space

Imaios
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RADIO-FREQUENCY COILS
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■ Resonant circuit

■ Generate/measure an oscillating field B1 perpendicular to B0

– Tip the net magnetization (B1
+ : transmit field)

– Pick up the NMR signal (B1
- : receive field)
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SURFACE COIL
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+ Easy to build!

+ High sensitivity and efficiency close to the coil

- Inhomogeneous B1

- Limited field of view

Doty et al. NMR Biomed. 2007
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TRANSMISSION
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RECEPTION
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VOLUME COIL
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+ Homogenous B1

+ Large field of view

- More complex

- Lower sensitivity

Cheng et al. IEEE. 2014
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LINEAR VS QUADRATURE COIL
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■ Quadrature coil

– Circularly-polarized B1 field

– Doubles the power efficiency

– Increases SNR up to 1.4x

mriquestions.com
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VOLUME COIL VS SURFACE COIL
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Surface coil Volume coil
(very long acquisition)

For humans

mriquestions.com Nova 1ch Tx / 32 ch Rx (7T)
For human head

Mouse brain axial slice
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TUNING AND MATCHING
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The coil’s properties change as a 
function of the sample.

■ Tune the resonance frequency 
of the coil to the Larmor 
frequency.

■ Match the impedance between 
the transmission line and the 
coil for optimal power 
transmission.
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BLOCK DIAGRAM MR SYSTEM
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Analog Devices, 2010



SAFETY
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DANGERS
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■ General aspects

■ Magnetic field

■ Cryogens

■ Radio-frequency waves

■ Veterinary aspects
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GENERAL ASPECTS
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■ No food, no water in the labs

■ Store your belongings in the lockers close to the entrance.
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MAGNETIC FIELD
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■ Magnet is always on!

■ Anything ferromagnetic becomes 
a projectile!

■ Do not stay close to the magnet if 
not necessary.

■ Medical devices could stop 
working!
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FIELD MAP
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0.5 mT Maximum value authorised for the 
holders of MD

No access to general public
No access to holders of MD

3 mT Possible attraction of ferromagnetic 
objects, they can become projectiles. Any ferromagnetic object
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BEFORE GOING TO THE MAGNET
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■ Remove all magnetic objects

– Belt

– Wallet, keys, phone

– Watch

– Pens

– Shoes with steel

– Hair pins

– Jewelry, ear rings, bracelet, necklace, …

– Magnetic tools, devices, …

■ Some glasses/jewelry are magnetic. In doubt, remove them.
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WHAT COULD HAPPEN ?
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Bracelet with 
ferromagnetic materials

Laboratory power supply
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EMERGENCY DISCHARGE

32

■ To discharge the magnet as last resort to 
save someone’s life.

■ Cost: at least 500’000 CHF (if the magnet 
survives)

DO NOT TOUCH THE 
EMERGENCY DISCHARGE 

BUTTON!
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CRYOGENS
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■ Nitrogen and helium are inert gases.

■ Major risks:

– Hypoxia and asphyxia.

– Very cold

■ Gas/liquid ratio: 700:1

■ If you see/hear the alarm, evacuate 
and leave all doors open.
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QUENCH
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■ Sudden loss of superconductivity.

– Either initiated by the emergency discharge unit

– Temperature too high

– Magnet failure

– Vacuum loss

■ All the helium will boil off
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RADIO-FREQUENCY WAVES
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■ Perturbations of 
telecommunications

■ High voltage (300 V)

■ RF heating

– The subject absorbs RF power

– Implants, conductive wires could 
exacerbate heating.

National Frequency 
Allocation Plan, OFCOM
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MR SCREENING FORM
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■ To check whether you have 
anything that prevents you from 
going close to the magnet.
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QUARANTINE CHECKING FORM
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■ Prevent any contamination 
from external sources.

■ Form to be filled every time to 
confirm that the rules are 
respected before entering 
experimentation area.



THANK YOU FOR YOUR ATTENTION
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