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Background Reading 
- Nuclear Magnetic Resonance spectrometers (NMR), analyse molecular configuration of a 

material based on its spectrum 
-  MRI has the most superior contrast resolution of all modalities, soft tissue detail. But poor 

spatial resolution compared to x-rays 
- Radiofrequency coils one of the most important determinants of image quality, transmit and 

receive the waves 
- RF used in MRI is the same as radio transmissions that’s why there is the faraday cage, to 

prevent artefact 
Physics  
- The earth has an electrical charge and rotates, which is what causes its magnetic field  
- The hydrogen ion within water can be comparable to earth, with an electrical charge (proton) 

and is rotating on an axis 
- Therefore, the hydrogen can be considered as a tiny magnet with north and south poles 
- Any particle which has an odd number of particles in the nucleus can be used for MRI imaging 

but hydrogen is used as it is the most abundant 
- In our body the charged hydrogen ions are aligned so the magnetic forces equalize (positive 

attracts negative) 
- When someone goes in the MRI magnets → their hydrogens align to the field, either parallel 

(low energy state) or anti-parallel (high energy state) to it 
- These atoms wobble or process at what is called the Larmor Frequency 
- The Larmor frequency is the gyromagnetic frequency of the element times by the magnet 

strength 
- The Larmor frequency helps calculate the operating frequency of the MRI system 
- Protons prefer to be parallel in a low energy state, more protons are aligned than in the high 

energy (anti parallel state) 
- Excess protons aligned when parallel is proportion to tesla of magnet, with more aligned with 

higher tesla (which is why these machines are better) 
- Net Magnetization = sum of the individual magnetic field of each proton 
- Use vectors (has a direction and force) to determine what net magnetization is doing 
- Frame of rotation in X, Y and Z axis. Z = the direction of main magnetic field while X and Y are at 

right angles to this 
- When net magnitization is in the same direction as the z axis this is longitudinal magnetization 
- Excitation → pre scan is done to determine centre frequency required based on the Larmor 

frequency 
- To manipulate the net magnetization, the RF pulse must match the centre frequency 
- This is the RESONNANCE, only protons that resonate at that frequency will respond to that pulse 
- The RF pulse causes net magnetization to be perpendicular to the z axis, in the X and Y plane 
- Flip angle (FA) = the amount of degrees the net magnetization is rotated 
- Relaxation → changing the net magnetization puts it in a anti-parallel state, higher energy state 

due to absorbed energy from RF pulse 
- Protons prefer to relax to be in the low energy/parallel state, the relaxation process happens in 

two phases: T1 and T2 
- T1 = protons want to go back to original equilibrium state, release absorbed energy as RF waves 

and a small amount of heat 
- The net magnetization re aligns itself with the z axis 
- T1 relaxation describes what is happening in the Z axis, also known as the spin lattice relaxation 

because energy released into surrounding tissue (lattice) 
- All hydrogen ions are bound differently in different tissues, for example the molecular bond in 

fat it tight whilst weak in water 



- The rate at which they release energy is therefore different and described on a relaxation curve, 
because of each tissue releasing differently there is good contrast resolution 

- T1 on the graph is the time it takes for the longitudinal magnetization to reach 63% of the 
original magnetization 

- T2 = an independent process from T1 relaxation, they both happen simultaneously but have 
nothing to do with each other 

- T2 describes what happens in the X/Y axis of the vector, also called spin-spin relaxation 
- Phase is a term to explain things happening in synchronization 
- Although each individual proton is spinning at the same speed they are not spinning in phase, so 

there is no phase coherence 
- When the RF frequency is applied, the magnetization not only flips but the protons start 

spinning in phase 
- So after the RF pulse the net magnetization (called transverse magnetization) is rotating in the X-

Y plane around the Z axis 
- All vectors point in the same direction initially because they are in-phase, but as time goes on 

they get out of phase (De-Phasing) 
- This is because the magnetic fields of each vector influence each other, which may cause one to 

slow or speed up to rotate at different speeds 
- As the rotate at different speeds, they no longer point in the same direction and therefore de-

phase 
- Eventually no one vector will be pointing in the same direction, all whilst they still rotate in the 

X-Y axis 
- The process from getting from the in-phase situation to out-of-phase is T2 relaxation 
- T2 relaxation curve also depends how tightly the molecule is bound and the type of tissue 
- At 0 all the protons are in phase but by the T2 time constant, 37% of spins have de-phased to the 

original value 
- E.g fat will de-phase quicker whilst water will de-phase much slower 
- T2 relaxation takes milliseconds but T1 relaxation may take a few full seconds 
- Acquisition → The receive coil has to pick up the emitted RF waves, may be the same coil as the 

transmitting one or a separate one 
- The receive coil must be at right angles to the magnetic field (Z axis) in order to get a signal 
- If the magnetic field is in any other position, it can activate a current in the coils that will be so 

large the current from the RF waves won’t be detected 
- Positioning at right angles also helps receive T2 signals, which happen at 90 degrees to the Z axis 
- Gradient coils → a set of 3 wires in the Z, X and Y direction to create and additional magnetic 

field. These help protons spin at slightly different frequencies across the body so signals from a 
certain region only (e.g. the head) can be received 

- The Z signal is switched on to create variance in the field strength across the body, spin at the 
same phase but different frequency 

- This is called slice selection or slice encoding; a very specific frequency is chosen and only a 
narrow section resonates at this 

- Further encoding is required to pinpoint more specifically anterior, posterior, left or right where 
the signal comes from 

- The Y signal is then turned on briefly, causing anterior protons to spin faster than posterior at 
different phases but the same frequency 

- This is called phase encoding, making it possible to tell which signals are anterior and which are 
posterior 

- The X signal is then turned on to determine which signals are left and which are right 
- Protons on the left will spin at a lower frequency than the right and also at different phases 



- Voxels have therefore been created by these three steps, Gz gradient picked an axial slice, Gy 
gradient selected rows with different phases and Gx gradient created columns with different 
frequencies 

- The amount of protons in a voxel determines the strength of the RF wave with each voxel being 
a unique combination of phase and frequency 

- Slice thickness determined by → steepness of slope of gradient field and bandwidth of the 90-
degree RF pulse 

- K-Space → symmetrical, central contains contrast and sharpness whilst outside is spatial 
resolution. Filled one line at a time during acquisition where the process of excitation and phase 
encoding is done one line at a time 

- Used to store raw data before construction 
- Half Fourier imaging done, only fill half the K space and the clone the rest because it is 

symmetrical. Reduced quality but good for fast imaging such as angiography 
- MRI pulse sequences → include the RF pulses, gradient switches and signal collecting 
- We want protons to be inphase as long as possible as de-phasing is what causes the signal to 

drop off so quickly 
- A short time after the 90 degree pulse, a 180 degree RF pulse to rephase the protons. After a 

short period of time they all spin in the same direction again and this is whats sampled (an echo) 
- Called the spin echo sequence → strong signal with less artefact but rephrasing takes time so 

total scan time will increase and so will the amount of RF waves used 
- This is a routine sequence in practice MRI 
- TR = repetition time, the time between two 90 degree pulses in a sequence. Required to give 

time for T1 relaxation to fully complete 
- TE = echo time, the time between the 90 degree pulse and the echo 
- FA = flip angle, the amount of degrees the net magnetization in the X-Y direction has flipped. 

This has nothing to do with the rephrasing pulse 
- Multislicing → scan the next slice during the repetition time whilst waiting for T1 relaxation to 

complete in the previous slice. Significantly reduces scan time and always used 
- We can also apply two 180 pulses creating two different images, the first a proton density image 

and the second a T2 image (will have different contrast due to different TE) 
- T1 weighted image → the T1 relaxation process has a greater impact on the contrast. Fat relaxes 

more quickly so will give a bigger signal, appearing white. CSF takes longer so less signal will be 
given off appearing black 

- The weighting depends on the TR and TE. Low TR and low TE will favour T1, high TR and high TE 
will result in T2 weighted, high TR and low TE will give a proton density image 

- T2 weighted image → most tissues will have already dephased due to the long time between 
180 pulses, producing little signal causing black. CSF will appear white and bright because it is 
still de-phasing and given off signal 

- Proton density contrast → contrast is dependent on neither T1 or T2 relaxation, as the time set 
means most protons have de-phased and the net magnetization recovered. Signal is dependent 
on the amount of protons in tissue with few appearing dark and many bright 

- Gad shortens the T1 relaxation time of tissue and therefore shows bright on a T1 weighted scan 
 
 
 

Week 1 Physics 
- Brightness or grey scale depends on the strength of radiowave emitted from patient 
- Protons are a spinning charged particle, much like the earth, which causes a magnetic field 
- Larmor equation  w = y B0    calculates the frequency that the proton preccess at when placed in 

a magnetic field 
- Y is the constant called gyromagnetic ratio, which is 42.56 MHz/T for protons in water 


