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INTRODUCTION
BASIC PHYSICAL ASPECTS
OF MR IMAGING
MR imaging is based on magnetié properties of protons that respond

to an external magnetic field by aligning with or against it.(1)

The number of nuclei aligned with the magnetic field (which are of
lower energy state) is slightly greater than that aligned against it (higher

energy state).(?)

Charged particles which move through space generate a magnetic field.
The hydrogen nucleus is composed of a single proton, thus has a positive
charge. This proton spin on its axis so it generates a magnetic field
described as vector (or magnetic moment) which is randomly directed under

normal circumstances.®

The magnetization vector is oriented in the direction of the magnetic

field which is designated the longitudinal magnetization, (1)

When the nuclear magnetic vectors are under the influence of an
external magnetic field they will precess around that magnetic field that is
the vector will circle around the By direction with a particular frequency

called "Larmor frequency".



F=KBO

This equation shows the relationship between the frequency of
precession and tlie applied external magnetic field.
Bg is the magnitude of the external magnetic field.
K is a constant for each different nucleus called the gyromagnetic ratio

constant.®

Excitation:
The direction of the magnetization vector may be altered by the

addition of energy in the form of a radio frequency (RF) pulse.

In the most common type of MR imaging RF pulse of enough
amplitude and duration to rotate the magnetization vector 90° from the

static field direction is applied.

This 90° pulse changes the direction of the vector from the

longitudinal plane into the transverse plane thus creating transverse

magnetization.?

Relaxation:
When the RF pulse is terminated, the transverse magnetization will

eventually decéy to zero. While the spins will Bcgin to realign in the



direction of the external magnetic field thus the longitudinal magnetization
grows back to its equilibrium value, these two processes are summarized

under the term of "relaxation".(®

T, Relaxation Time:

The time required for 63 % of the magnetization vector to return to the
initial longitudinal direction is called T or the longitudinal relaxation time

or spin lattice time.

It depends upon the rate that the added energy is dissipated to the
surrounding environment. Water with relatively widely dispersed molecules
has long T, whereas fat with more compact and complex environments

allowing rapid energy dissipation has short T.
T, is tissue specific and field dependant.®

T, Relaxation Time:
The time required for 63% of the transverse magnetization to decay

is called T,, the transverse relaxation time.

It depends upon the rate at which coherence between the different
rotating protons is lost. Solid tissues (ex. liver parenchyma) lose coherence

rapidly thus having short T,, while water with sparse molecular density

loses coherence relatively more slowly thus has a long T,.



Repetition Time (TR):

It is the time to repeat a pulse sequence. A TR less than 500 msec is
considered to be short, a TR more than 1500 msec is considered to be

long.®

Echo Time (TE):

It is the time between the 90° pulse and the perception of a signal. A
TE of less than 30 msec ts considered to be short, a TE greater than 80

msec is considered to be long.*

T, Weighted Images:

They are those with a predominant T, contrast they can be obtained

with a short TR and short TE.4)

T, Weighted Images:

They are those with predominant T, contrast. They can be obtained

with a long TR and long TE.¥

Signal Intensity:
On T, Weighted Sequences:

Where T contrast predominates, tissues with a short T; (ex. fat)

allowing rapid longitudinal relaxation will have high intensity. On the



