Exercise by Lars G. Hanson: Magnetic resonance basics

The aim of this exercise is to introduce you to the basic magnetic resonance (MR) phenomenon, and field properties important for MR.

The exercise is based on the following facts:

· The individual hydrogen nuclei in the body are slightly magnetic. They behave as small compass needles (magnetic dipoles) in a magnetic field.

· The dipoles can be aligned (made parallel) in a strong magnetic field, thus making the body magnetic. The total magnetism of the body also behaves like a dipole.

· When a dipole oscillates before coming to rest pointing towards north, it emits radiowaves at the oscillation frequency. This is true since radiowaves are oscillating magnetic fields (you may know that an electric component is also generated. It plays no role for MR).

· MR imaging is based on measurement of the radiowaves emitted from the body 

Spend no more than 5 minutes on any of the tasks 1-7 below, and less on average:

1) Discuss each fact above briefly. Subsequently, combine the facts and your experience to answer the following questions:

(a) True or false: To do magnetic resonance imaging you need a measurement device which is conceptually similar to a compass.

(b) Which tissue constituent and which property of this is essential to do MR imaging?

(c) True or false: The body can be magnetized and its magnetization can oscillate around the north direction.

(d) True or false: The body oscillates in a magnetic field. 

(e) True or false: The total magnetization of the body oscillates in the same way as the individual dipoles if these oscillate in synchrony.

(f) True or false: The body always emit radiowaves when placed in a magnetic field.

2) For the following tasks, you will need to use software present at http://www.drcmr.dk/JavaCompass. It should execute in the browser with no installation of software (ignore texts). Initially you will see just a compass needle (dipole), which moves similarly to the body magnetization when fields are applied. The needle can be removed and put back using the “Dipole” button. Try this – it will be useful for the next task.

3) You can introduce a strong magnetic field by using the slider called B0 (pronounced “bee zero”) . Its strength is given in units of milli-tesla (mT). How does the oscillation frequency of the dipole depend on the magnetic field? Does it for example increase or decrease with the field? Do you expect a linear dependence?

4) In an MR-scanner, the B0 field is constant and very strong. As you will have noticed, the dipole comes to rest after a few seconds in the magnetic field. Hence the emission of radiowaves stop. In order to do MR imaging we therefore need a way to make the dipole oscillate again after each brief measurement. Introduce a magnetic field, B1, perpendicular to B0 by using the B1-slider. Note how the relatively weak B1-field can push and pull the ends of the dipole slightly to make it oscillate again after it has come to rest.

5) Since the B1 field is very weak, the dipole will only be pushed slightly by it, and the radiowaves emitted will be correspondently weak – too weak for being measured, actually. Therefore we need a trick to make the dipole oscillate much by varying the B1-field. Try to make the dipole oscillate regularly and as much as possible by setting the “B1” slider and the frequency slider labelled “Freq.” appropriately (tip: the trick is called magnetic resonance). 

6) Try to formulate necessary conditions that a weak, oscillating magnetic field needs to fulfill, in order for it to make a magnetic dipole in a strong static field oscillate significantly (conditions regarding frequency and direction of the field).

7) In an MR-scanner, the weak moving magnet is replaced with a radiowave transmitter. Why does that work?

