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Problem 5

T2 relaxation causes a decay of the transverse component of magnetization (M.)
according to the equation:

a) If M,(0) is the initial value of the transverse magnetization, immediately after
an RF excitation, what is the solution of the equation above?

b) What is the difference between T2 and T2* relaxation?

c) Plot M.(t) vs. t for both the cases. ofT2 and T2* relaxation. Marking values of
Myt att=0andt =%, | ../

d) If you wantan image with T2- We_lghted contrast, would you use a gradient
echo (GRE) or spin-echo (SE) sequence? Why?

Solution

a)
M, =M (0)"

b) T2 relaxation is the irreversible dephasing among spins due to microscopic
interactions with neighboring molecules and nuclei. When there are also
macroscopic effects, like magnetic field differences due, for example, to Bo
inhomogeneity and susceptibility variations among tissues, which contribute to the
dephasing of the spins, the relaxation is faster and it’s called T2*.

c) It’s an exponential decay starting at M,(0) for ¢t = 0 and faster for the case of T2*.
Show illustrative plots.

d) SE, as the refocusing pulsé “undo” the effect of the macroscopic effects due to
magnetic field differences. . ‘

Problem 6

a) Complete the table below to show what choice of TE/TR correspond to T1-
weighted, T2-weighted, or Proton-Density-weighted contrast (one of the choice is
not useful), in the case of a spin-echo pulse sequence. Explain your answers.

Long TR Short TR

Short TE

Long TE

b) Given that gray matter has T2 ~ 77ms and T1 ~ 760 ms, whereas cerebral spinal
fluid (CSF) has T2 ~ 280 ms and T1 ~ 2650 ms, indicate which of the following two
images is T1-weighted and which is T2-weighted. Explain your answers.
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Solution

a)

Long TR Short TR
Short TE 1) Proton-Density 2) T1-weighted
Long TE 3) T2-weighted 4) Not useful

1) Short TE - minimize dephasing; long TR -> no signal saturation. The
combination of the two results in maximum signal from all tissues

2) Short TE - minimize dephasing; short TR = signal of tissues with long enough
T1 will be saturated. The combination of the two allows creating a contrast that
depends on the T1 of tissues.

3) Long TE - spins of tissues with long enough T2 will diphase (i.e. no signal); long
TR - no signal saturation. The combination of the two allows creating a contrast
that depends on the T2 of tissues (or T2*/for gradient-echo sequences)

4) Long TE > spins of tissues with long enough T2 will diphase (i.e. no signal); short
TR -> signal of tissues with loq‘g;enoﬁgh’Tl will be saturated. The combination of
the two is not useful because the contrast will be a mix of T1 and T2 effects.

b) The image on the left is T2-weighted, the one on the right is T1-weighted. As CSF
has long T1, its signal is saturated by the use of a short TR and therefore it appears
dark in T1-weighted image. As CSF has a long T2, it will appear brighter than other
tissues with smaller T2 (therefore faster dephasing) on T2-weighted images, which
use long TE values.




Problem 7

Match the essential components of an MRI S)/stem listed in the left column with one
or more descriptions on the. rlght coLuJ;nm. NN
R A B N §
| . A) excite the spins
Y B) polarize : |
ii) Gradient and shim coils C) encode spatial information
iii) RF surface coils D) incorporated in the MR system
E) detect emitted signal

F) compensate for Bo inhomogeneities

Solution
iii) A) excite the spins
i) Magnet i) B) polarize the spins
ii) Gradient and shim coils ii) iii) C) encode spatial information
iif) RF surface coils i) ii) D) incorporated in the MR system
iii) E) detect emitted signal
ii) F) compensate for Bp inhomogeneities
Problem 8

a) Explain how slice selection worH m MRI

b) What imaging para‘rriet@f*s can*be“ad]usted to control the thickness of the
selected slice? ey O S

Solution

a) A magnetic field gradient is applied during the RF excitation pulse. The gradient
alters the Larmor frequency wy, of the spins along the direction of the gradient. Only
those spins whose Larmor frequency equals the frequency of the RF pulse w.= wrr
will be excited. Such spins lie in a ‘slice’ of tissue perpendicular to the gradient

b) The bandwidth of the RF pulse and the strength of the slice selection gradient.

Problem 9

a) Describe the BOLD effect and how it is used in functional MRI (fMRI).
b) What factors limits the spatial resolution of fMRI maps? What source of error
is associated with that?
Solution i :
a) The simplest acceptablévamgﬁ_}én ~isy@}ga@d¥ygenated blood has different magnetic
properties than de-oxygenated'blood (optional: the latter is paragnetic therefore
distorts locally the magnetic field causing a signal loss), therefore blood oxygenation



can be imaged with MRI. This contrast mechanism is exploited in fMRI to map areas
of neuronal activation in the brain.

b)

Noise - smaller voxels have lower SNR

Head motion - the smaller the voxels, the more contamination head motion induces
T ] lution - t ler ] s thel it tal ire tl
volume

(Optional: vasculature) o B

A typical source of error is péﬁi’i‘él vol’u*m ‘ng ilé. the combination, within a single
voxel, of signal contributions’ from two' or more distinct tissue types or functional
regions.




