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Everything we see is a perspective, not the truth



MR-Imaging

http://i.livescience.com/images/i/000/055/842/i02/MRI-scan-130415.jpg?1376591243



MRI

X-Ray, CT

Electromagnetic Radiation Energy



A brief recipe of MRI

1. Put the subject into a strong magnetic field

2. Pass radiowaves through the subject

3. Turn of the radiowaves 

4. Recieve radiowaves coming back from the 

subject

5. Convert the measured RF-data to an 

image



MRI

Source: Biomed resources



The basic physics of MRI

https://blog.nycdatascience.com/student-works/higgs-boson-machine-learning-challenge-3/



Prerequisites for depicted 

nucleus
• A nucleus that is to be pictured must have both: 

– Spin

– Charge

Note! Nucleus with even protonnumbers cannot be used 

because the spin will cancel each other



Single-proton

• A single proton has a charge on the surface which is 

sufficient to form a small current-loop and generates a 

magnetic momentum µ

• The proton has also a mass that creates an angle-

moment J due to the spin



Hydrogenatoms

• The hydrogenatom is the only large element in the body able to be 

depicted with MRI. (C, O and N have all even numbers in the proton 

number).

• Hydrogen is everywhere in the body, primarily combined to water

= All MRI-images are in fact a picture of hydrogen

Source: http://theenergycollective.com/sites/theenergycollective.com/files/imagepicker/488516/hydrogen%20economy.jpg



Magnetic fields

Magnetism is a fundamental property, generated by moving 

charges. Magnetic field is induced by a moving charge in a cable, 

use right hand rule to find the direction of the magnetic field



• Ref:www.simplyphysics.com



Energy levels of free protons

Bushberg et al, The essential physics of medical imaging



Magnetic characteristics of nucleus

W0 = γ B0

Bushberg et al, The essential physics of medical imaging

In addition to spin, there is a torque in a 

perpendicular direction from the applied 

magnetic field that causes precession. The 

Larmor equation describes the dependence 

between the magnetic field B0 and the angular 

precessional frequency w0.



Angle momentum
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The magnetic momentum vector µ=IA



Equilibrium magnetization

Bushberg et al, The essential physics of medical imaging

The net magnetic moment at equilibrium is equal to the vector sum of the individual magnetic 

moments in the direction of B0. Perpendicular contributions are randomly distributed and sum to 

zero



Magnetization in three planes

Bushberg et al, The essential physics of medical imaging



Resonance and exitation



Larmour frequency
The energy difference between 

the two alignment states depends on the 

nucleus

 E = 2 z Bo

  E  =  h 

 = (/2)  

known as Larmor frequency

/2 = 42.57 MHz / Tesla for proton



Rotating frame

Bushberg et al, The essential physics of medical imaging



Flip angles

Bushberg et al, The essential physics of medical imaging

Flip angles is the degree of Mz rotation by the field B1 as it is applied along 

the x-axis or the y-axis perpendicular to Mz



Dephasing of magnetic vector

Bushberg et al, The essential physics of medical imaging

Free induction decay = a damped sinusoidal electronic signal



Return to equilibrium, T1 relaxation

Bushberg et al, The essential physics of medical imaging



Return to equilibrium, T1 relaxation

Bushberg et al, The essential physics of medical imaging



T1

recording



Free induction decay: T2 Relaxation

Bushberg et al, The essential physics of medical imaging



T2

recording



Comparison of T1 and T2

Bushberg et al, The essential physics of medical imaging



Spin echo contrast weighting

Bushberg et al, The essential physics of medical imaging



T2-spin echo decay

Bushberg et al, The essential physics of medical imaging



MR images

T1 and T2

contrast



Exercise

Form groups of 2 or 3 students, and explain to each other:

a. How the MRI-machine use T1 and T2 relaxation to find the

number of protons in a tissue

b. Explain spin-echo weighting

http://integrativeosteopathy.com.au/wp-content/uploads/2015/08/Exercise.jpg



Construction of the MRI



Gradient magnetic field

Bushberg et al, The essential physics of medical imaging



Gradients

Bushberg et al, The essential physics of medical imaging



Superconducting magnet

Bushberg et al, The essential physics of medical imaging

To achieve high magnetic field strength, greater than 1T, require the electromagnet core wires to be 

superconductive. Shim coils interact with the main magnetic field in order to improve homogenity (minimize 
magnetic flux density). RF-coils are used to transmit energy to the patient and pick up return signal



MR Signal Localization

Bushberg et al, The essential physics of medical imaging



To record an MRI signal

• Needs a receive coil tuned in to the same RF-requency as the 

excitation coil

• Measure net magnetization 

• The signal oscillates at the resonanse frequency when the net 

magnetization vector rotates in the room

• Signalamplitude will be weakened when the netto magnetization 

returns to the B-direction

Bushberg et al, The essential physics of medical imaging



Frequency encode gradient

Bushberg et al, The essential physics of medical imaging



3D picture 

construction

ω = γB



Fourier transform of spatial freq. 

signals

Bushberg et al, The essential physics of medical imaging

A rotating FEG in the x-y plane will give the acquisition of individual projections as a function of angle.



Functional MRI

Bushberg et al, The essential physics of medical imaging



Functional MRI

Bushberg et al, The essential physics of medical imaging

Hb differs in how it responds to the magnetic field, the 

deoxygenated Hb molecule is slightly more attracted to 
magnetic field.

In consequence, the magnetic field is distorted by causing 
the nuclei to loose magnetization faster in the *T2 decay = 

MR pulse sequences sensitive to *T2 will have more signals 
when the blood is oxygenated than for the deoxygenated 
blood. 

(The effect increases with the square of the magnetic field 

strength) = Minimum 1.5T



MRI-artefacts



Ringing artefacts

Bushberg et al, The essential physics of medical imaging

Caused by insufficient sampling, could be reduced with a larger number of samples.



Ringing artefacts

Bushberg et al, The essential physics of medical imaging

Caused by insufficient sampling, could be reduced with a larger 

number of samples.



Wraparound artefacts

Bushberg et al, The essential physics of medical imaging



Susceptibility artefacts

Bushberg et al, The essential physics of medical imaging

Any drastic change in the magnetic susceptibility will distort the magnetic field. Changes in 

susceptiblity like tissue-air interface, or metals (ferrous or not) may have a significant effect  on the 
local tissues adjacent to changes in susceptibility. Can also be helpful, like diagnosing the age of a 
hemorrhage based on signal characteristics of the blood degeneration products 



Gradient nonlinearity artefacts

Any deviation or temporal instability in linear gradients will give a distortion. With gradient 

calibration and limitation of FOV (Lowering gradient field strength) or holding the gradient field 

strength and number of samples constant while decreasing the frequency bandwidth, minimize 

spatial distortion



MRI scanner



Vertical 

main 

field

Source: Oulun Yliopisto



Extremity

MRI



Interventional
MRI





Adv/disadv MRI

• Advantages

• No harmful radiation

• Soft tissue imaging

• High resolution images of T1 or T2 preferences

• Disadvantages

• Expensive, large installation with superconducting 
magnets++

• Very strong magnetic field

• Claustrophobic

• Not for frozen tissue

• Time consuming



MRI and patient safety

What happened?
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