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Magnetic Resonance
Imaging
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Overview
1. The magnetic properties of nuclei, and how
they behave in strong magnetic fields.
2. How MRI exploits this to obtain an image.
3. Medical applications of MRI.
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What is spin?
• Spin is an intrinsic form of angular momentum
carried by elementary particles. It is a vector
quantity (and has units of J.s).

• Spin doesn’t have a ‘classical’ explanation. We use

the idea of something spinning because that is an
example of something else with angular momentum
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Spin and nuclei

• Protons, neutrons and electrons have a vector

property called ‘spin’ (arising from quantum physics).

• A nucleus containing multiple protons and neutrons

has a net spin. This is the sum of all the individual
proton and neutron spin values1. The net spin can be
zero or a multiple of ½.

• If the net spin is not zero, then the nucleus will

behave like a small magnet. The direction of the
magnet is the direction of the net spin vector.

Each pair of neutrons and protons cancel each other out. The unpaired ones are then
summed (each having a spin of ½). This is a still a simplification.
1
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Figure 21.5 Alignment of protons in an external magnetic field
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Precession
The alignment is not perfect: the nuclei actually
precess around the field direction, like a spinning
top which precesses around the direction of gravity.

Precession is the change in orientation of the
rotational axis of a rotating body.
http://en.wikipedia.org/wiki/File:Gyroscope_precession.gif

7

The frequency of precession (ie.
how many ‘wobbles’ per second)
depends on two factors:

• The type of nucleus.
• The strength of the applied

magnetic field. This is a linear
relationship (a stronger field
means a faster precession).

We call it the Larmor frequency.

f = 42.57B0
http://upload.wikimedia.org/wikipedia/commons/9/93/Präzession2.png
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Afterwards
• If the external magnetic field is switched off, the
precessing nuclei return to random orientation.

• Note that quite large magnetic fields are required

to cause the alignment and precession of nuclei.
Often these are around 1-2 Tesla (which is 10,000
times stronger than the Earth’s field).
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Understanding MRI
• During MRI, the patient is placed within a strong

magnetic field (~1.5T). This causes the hydrogen
nuclei in the body to align and precess around the
magnetic field at their Larmor frequency.

• The patient is then subjected to EM radiation at

the Larmor frequency (ie. a radio wave). We
can do this because we know what the Larmor
frequency will be for a given magnetic field.
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Resonance
• Most objects have a resonant frequency. For

example, an empty coke bottle, a small room, or a
bridge. Objects will very easily absorb energy when
it is at their resonant frequency.

• This is why we use a radio wave at the Larmor

frequency - hydrogen nuclei can easily absorb it.

• The absorbed energy causes the proton to switch

state from parallel to antiparallel. When the radio
wave is switched off, the proton returns to its initial
orientation, re-releasing the energy.
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Precessing nuclei (mostly parallel)
Subjected to radio waves at the Larmor frequency
Energy absorbed (resonance)
Most nuclei switch to antiparallel (higher energy state)
Radio wave switched off
Nuclei return to parallel, releasing the absorbed energy
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Detecting
• The energy emitted by the nuclei is equal to the

energy difference between parallel and antiparallel
states. In hydrogen, this is 0.2µeV, corresponding to a
radio wave of 42.5MHz.

• So we detect this out-coming radiation from the
patient and use it to see where the hydrogen
molecules are inside the body.

• A higher intensity of radiation from a region in the
body means there are more nuclei in that region.
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http://fc03.deviantart.net/fs15/f/2007/045/8/0/MRI_Diagnostic_Machine_1_by_FantasyStock.jpg
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Relaxation times

• Some nuclei are able to more quickly release

their energy after the radio wave is switched off.
The time taken to release the energy is called
relaxation time.

• If we switch our radio pulse off and on quickly,

we will not give some nuclei enough time to relax
(and so we won’t detect radiation from them).
This allows us to differentiate different tissues.
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There are two types of relaxation time measurements:

• T1 - this differentiates nuclei which can quickly

transfer energy to other surrounding nuclei. It
accentuates bound water or large molecules
(which can’t move quickly - so the energy transfer
to nearby molecules is more efficient). Favours fat,
liver and spleen tissue.

• T2 -

this measures time taken for nuclei to go out
of phase with each other. Favours larger molecules
in tendons, muscles and liver.

16

Urine and cerebrospinal fluid are highlighted because the
density of water (protons) is high.

(b)

Preferred for showing diseased
organs.

(c)

Figure 21.15 The same section through the brain showing images that are (a) proton
density weighted, (b) T1 weighted and (c) T2 weighted.
Jacaranda Physics 2, 3rd Ed. p345

Each time the pulse is switched on and off, the gradient fields used to
locate signals within a ‘slice’ are also switched on and off. The rapid
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MRI and cancer
• Cancer tissue often has a

different amount of water
compared to normal tissue.

• Tumors may also be

surrounded by watery
tissue.

http://www.brettdaniel.com/pictures/2010/radiosurgery/brain_tumor_mri.s.png
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MRI and the brain
• Grey and white matter in

the brain contains hydrogen
bound in different ways.

• Each has a different

relaxation time and can be
detected with MRI.

http://ars.els-cdn.com/content/image/1-s2.0-S0303846708004058-gr1.jpg

19

MRI and blood flow
• Contrast agents are
injected into the
bloodstream to
allow imaging.

• Complex plane

excitation techniques
are also used.

http://www.medicalradiation.com/wp-content/uploads/MR_Thorax.jpg?a17713
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