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First Bloch equation (only static field)

. My M, M,— M
M= MxB— (= = =t Bloch-1
M x (2’ > 3 (Bloch-1)

The solution to this ODE is

M, = et/ T2(My o coswot — M, o sinwot)
M, = et/ 2 (M, o sinwot + M, o coswpt) (1)
M, = Myge /Tt 4 Mey(1— e t/Tr)
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Second Bloch equation (static field and RF pulse, in rotating

reference)
] 0
vooo= ~vB1 M, (Bloch-2)
M, = —yBiv

The solution of this equation is simple

u = u
v = wcoswit— M,gsinwit (2)
M, = wvysinwit+ M,gcoswit

I e



(Re-)Introduction

Pulses and basic sequences
K-space and reconstruction
TR, TE and Sequences

—__

Third Bloch equation (static field and gradient, in rotating

reference)
u = vyBgv
v = —yBgv (Bloch-3)
M, = 0

the solution to this ODE is similar to the previous one

u = UpCOSwgt — vgsinwgt
v Uup sinwgt + vo coswgt (3)
Mz - MZ,O
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An RF pulse has the effect to flip the vector M from the axis z of
an angle 0 = wy T after a time 7. Thus we can apply following
pulses:

m a general O-pulse: 7 = w%

T . _ T
ma §—pul§e. L= 3 . .
After this pulse the aggregate magnetic momentum is

M(71) = (uo, M0, vo).

m a m-pulse: » = wll

After this pulse the aggregate magnetic momentum is

M(72) = (uo, —vo, —M. ).
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Pulses

Inversion recovery
Saturation recovery
Spin echo

We can play with pulses to get more informations about the
precession. The following sequences are the most popular ones:

inversion recovery
saturation recovery
spin-echo
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Inversion recovery: after the we apply a 7m-pulse, we wait a time 7,

then we apply a 5-pulse and we measure M. We wait for the
system to get back to the equilibrium of (1) and we repeat several
times to increase the signal-to-noise ratio and for several values of

7. This sequence is shorted as follows
T
(m—7— 5 — AT — teo)n
where AT stands for acquisition time, and t is a long time

needed to get back to the equilibrium, usually to, ~ 4T;.
From the third component of (1) we get

-
M, (1) = Meg = (M0 — Meq)exp(—ﬁ).

This means that we can obtain —1/T; as the slope of
log(M,(7) — Meg).
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Saturation recovery: This sequence is shorted as

T T
(E—HS—T—E—AT—HS),,
Where Hs is a pulse that destroys the homogeneity of the field By;
after a time 7 the magnetization is partially recovered, the pulse

fplips it on the xy-plane. Again, we obtain —1/T; as the slope of

log(M,(7) — Meg).
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Spin echo: This sequence is shorted as

7T

G —7=m

After 27 the amplitude of the transverse magnetization will be
relaxed by a factor

exp(27/T>)
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T2* is the real time constant of loss in the xy-plane, because the
field By is not really homogeneous. The relation between T2 and
T2* is quite simple:

1 1

T2~ T2 T 4B

where AByg is the maximum variance of By.

B has



(Re-)Introduction
Pulses and basic sequences From Bloch equations to imaging
K-space and reconstruction K-space
TR, TE and Sequences

—__

The aim of reconstruction is to create a 2D map of the proton
density p(x) on each slice. For this purpose we consider only the
transverse component of M,

M* = M, + iM,
and same thing for the signal received from the coils

s=5.+1i5
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For Faraday’s law the magnetic field generated by the body induces
an electromotive force to the coils

d d
S(®) = S Plo0p = k55 /|00p p(x)Mdx

Now, if we consider a tiny slice over the z-axis, we can rewrite the
previous formula as

s(t) = kl& o0p' p(z2)M*(2)dz

with z € C2.
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If we apply a 5-pulse, then a gradient for the selection of a slice,
we get

t . .
M* = exp <_T -+ I(.Uot —+ /ng)
2

then we obtain

s(t) = kaexp (72 + iwot> /Ioop’ p(z) exp(iwgt)dz.
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We remember that wy; = —yBg = —7G - x then, if we set

G = Gy +iG,

we get

s(t) = ks exp <7l:2 + iw0t> /Ioop' p(z) exp(—ityG - z)dz
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If we look at the previous formula, we have found that

s(t) o< Fo[p](k(t))

where of course k(t) = —ZLG.

t . .
So we store the values of s in a matrix called
k3 exp(f%jtiwot

K-space and we apply the 2-D IFFT algorithm to recover the slice
image.
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Kespace

Reconstructed image

An example of K-space and reconstructed image.
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Simulated raw data

2DFFT Reconstructed image

20 40 60 80 100 120

We can also use a phantom to obtain a simulated K-space.
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MRI is a multi-parametric imaging system: in fact you can play
with some parameters to obtain different contrast between the

tissues.
We now introduce some of these parameters.
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TR, Repetition Time is the time interval between the application

of a pulse and another.

After TR the longitudinal magnetization of the vector M will be
M, (t) = Meq (1 - e—TR/Tl)

so each FID signal will be proportional to

(1 _ efTR/Tl)

This means that the longitudinal magnetization will not reach Mg,
unless we set TR > 4T1
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TE stands for echo delay time (or time to echo). Instead of making
the measurement immediately after the RF pulse (impossible), we
wait a short period of time and then make the measurement.

A
Mo
A
Mo (1 - ¢ TRITY
s (e-TEITZ") [(M0(1 > e-TH/T1 )]
TE g TE_ .
0 TR .
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TR
90°  180° 90°
RF —/ | S f}\ : /1 fIL_
I—LI |
Gz | '_:_I |
| | Echo !
| TER2 | ﬂﬂ
Si | ) alliing
igna ! TE \;! VRS
Gx 1

A complete example of spin-echo sequence.
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m T1l-weighted short TR
Useful in scanning brain to see contrast between gray and
white matter.

m T2-weighted long TE, long TR
Used to see the contrast between water and fat.
m T2%-weighted long TE, long TR

We use it to see particulars in venous blood.

m Proton density weighted short TE, long TR
We try not to consider the effect of T1 or T2.
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