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Preface to the  
fifth edition

The MRI in Practice brand continues to grow from strength to strength. The fourth edition of MRI 
in Practice is an international best-seller and is translated into several languages. At the time of 
writing, the accompanying MRI in Practice course is 26 years old. We have delivered the course 
to more than 10 000 people in over 20 countries and have a large and growing MRI in Practice 
online community. Our readers and course delegates include a variety of professionals such as 
radiographers, technologists, radiologists, radiotherapists, veterinary practitioners, nuclear med-
icine technologists, radiography students, postgraduate students, medical students, physicists, 
and engineers.

The unique selling point of MRI in Practice has always been its user-friendly approach to 
physics. Difficult concepts are explained as simply as possible and supported by clear diagrams, 
images, and animations. Clinical practitioners are not usually interested in pages of math and just 
want to know how it essentially “all works.” We believe that MRI in Practice is so popular because 
it speaks your language without being oversimplistic.

This fifth edition has had a significant overhaul and specifically plays to the strengths of the 
MRI in Practice brand. We have created a synergy between the book and the course so that they 
are best able to support your learning. We purposefully focus on physics in this edition and on 
essential concepts. It is important to get the fundamentals right, as they underpin more specialist 
areas of practice. There are completely new chapters on MRI equipment and safety, and substan-
tially revised and expanded chapters on gradient-echo pulse sequences, k-space, artifacts, and 
angiography. The very popular learning tips and analogies from previous editions are expanded 
and revised. There is also a new glossary, lots of new diagrams and images, and suggestions 
for further reading for those who wish to delve deeper into physics. The accompanying web-
site includes new questions and additional animations. We also include some equations in this 
edition, but don’t worry: they are there only for those who like equations, and we explain what 
they mean in a user-friendly style.

However, probably the most significant change in this edition is the inclusion of scan tips. 
Throughout the book, your attention is drawn to how theory applies to practice. Scan tips are spe-
cifically used to alert you to what is going on “behind the scenes” when you select a parameter 
in the scan protocol. We hope this helps you make the connection between theory and practice. 
Physics in isolation is of little value to the clinical practitioner. What is important is how this 
knowledge is applied. We stand by the MRI in Practice philosophy that physics does not have to 
be difficult, and we hope that our readers, old and new, find these changes helpful. Richard Feynman, 
who is considered one of the finest physics teachers of all time, was renowned for his ability  
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to transfer his deep understanding of physics to the page with clarity and a minimum of fuss. He 
believed that it is unnecessary to make physics more complicated than it need be. Our aspiration 
is that the fifth edition of MRI in Practice emulates his way of thinking.

We hope that the many fans of MRI in Practice around the world continue to enjoy and learn 
from it. A big thank you for your continued support and happy reading!

Catherine Westbrook 
John Talbot 

November 2017 
United Kingdom
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1
Basic principles

After reading this chapter, you will be able to:
•	 Describe the structure of the atom.
•	 Explain the mechanisms of alignment and precession.
•	 Understand the concept of resonance and signal generation.

MRI in Practice, Fifth Edition. Catherine Westbrook and John Talbot.
© 2019 John Wiley & Sons Ltd. Published 2019 by John Wiley & Sons Ltd.
Companion Website: www.wiley.com/go/westbrook/mriinpractice

IntroductIon
The basic principles of magnetic resonance imaging (MRI) form the foundation for further 
understanding of this complex subject. It is important to grasp these ideas before moving on to 
more complicated topics in this book.

There are essentially two ways of explaining the fundamentals of MRI: classically and via 
quantum mechanics. Classical theory (accredited to Sir Isaac Newton and often called Newtonian  
theory) provides a mechanical view of how the universe (and therefore how MRI) works. Using 
classical theory, MRI is explained using the concepts of mass, spin, and angular momentum on 
a large or bulk scale. Quantum theory (accredited to several individuals including Max Planck, 
Albert Einstein, and Paul Dirac) operates at a much smaller, subatomic scale and refers to the 
energy levels of protons, neutrons, and electrons. Although classical theory is often used to 
describe physical principles on a large scale and quantum theory on a subatomic level, there 
is evidence that all physical principles are explained using quantum concepts [1]. However, for 
our purposes, this chapter mainly relies on classical perspectives because they are generally 
easier to understand. Quantum theory is only used to provide more detail when required.

Introduction 1 Precession and precessional  
(Larmor) frequency 10Atomic structure 2

Motion in the atom 2 Precessional phase 13

MR-active nuclei 4 Resonance 13

The hydrogen nucleus 5 MR signal 18

Alignment 6 The free induction decay (FID) signal 20

Net magnetic vector (NMV) 8 Pulse timing parameters 22
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Chapter 1 MRI in Practice

In this chapter, we explore the properties of atoms and their interactions with magnetic fields 
as well as the mechanisms of excitation and relaxation.

AtomIc structure
All things are made of atoms. Atoms are organized into molecules, which are two or more atoms 
arranged together. The most abundant atom in the human body is hydrogen, but there are other 
elements such as oxygen, carbon, and nitrogen. Hydrogen is most commonly found in molecules of 
water (where two hydrogen atoms are arranged with one oxygen atom; H2O) and fat (where hydrogen 
atoms are arranged with carbon and oxygen atoms; the number of each depends on the type of fat).

The atom consists of a central nucleus and orbiting electrons (Figure 1.1). The nucleus is very 
small, one millionth of a billionth of the total volume of an atom, but it contains all the atom’s 
mass. This mass comes mainly from particles called nucleons, which are subdivided into protons 
and neutrons. Atoms are characterized in two ways.

•	 The atomic number is the sum of the protons in the nucleus. This number gives an atom its 
chemical identity.

•	 The mass number or atomic weight is the sum of the protons and neutrons in the nucleus.

The number of neutrons and protons in a nucleus is usually balanced so that the mass number is an 
even number. In some atoms, however, there are slightly more or fewer neutrons than protons. 
Atoms of elements with the same number of protons but a different number of neutrons are 
called isotopes.

Electrons are particles that spin around the nucleus. Traditionally, this is thought of as analo-
gous to planets orbiting around the sun with electrons moving in distinct shells. However, accord-
ing to quantum theory, the position of an electron is not predictable as it depends on the energy 
of an individual electron at any moment in time (this is called Heisenberg’s Uncertainty Principle).

Some of the particles in the atom possess an electrical charge. Protons have a positive electrical 
charge, neutrons have no net charge, and electrons are negatively charged. Atoms are electrically 
stable if the number of negatively charged electrons equals the number of positively charged 
protons. This balance is sometimes altered by applying energy to knock out electrons from the 
atom. This produces a deficit in the number of electrons compared with protons and causes 
electrical instability. Atoms in which this occurs are called ions and the process of knocking out 
electrons is called ionization.

motIon In the Atom
Three types of motion are present within the atom (Figure 1.1):

•	 Electrons spinning on their own axis
•	 Electrons orbiting the nucleus
•	 The nucleus itself spinning about its own axis.

The principles of MRI rely on the spinning motion of specific nuclei present in biological tis-
sues. There are a limited number of spin values depending on the atomic and mass numbers. A 
nucleus has no spin if it has an even atomic and mass number, e.g. six protons and six neutrons, 
mass number 12. In nuclei that have an even mass number caused by an even number of pro-
tons and neutrons, half of the nucleons spin in one direction and half in the other. The forces of 
rotation cancel out, and the nucleus itself has no net spin.
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Figure 1.1 The atom.
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