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Motivation

T1 measurement - Inversion & Saturation Recovery

The nuclear spin precess at Larmor
frequency w;, = y;Hy, y; being the
gyromagnetic ratio

* Nuclear Magnetic
Resonance allows to
probe matter using
nuclear spin

Saturation recovery sequence consists of 90°
pulse and a measurement after a delay 7 of the
regenerated M, component. 90° pulse is
applied, the signal is recorded. Varying 7 allows
to recover the relaxation time Tj.

‘When an oscillating field H; « Hy is
applied perpendicularly, the spin rotates.

It can be used for non-
invasive imaging (MRI)

The duration of H; determines the angle of
rotation.

Inversion recovery scquence replaces the
initial pulse of the saturation recovery with a
180° pulse
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« Static field Hy generated with an electromagnet

* Hj field created by a coil Most used sequences to measure the spin-lattice

« Same coil used to measure signal relaxation time T.
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Calibration of the 90° pulse
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The time interval of the H; field that results in a 90° rotation of the magnetization is sought. It is determined
by finding the interval leading to a maximal response signal (the projection of the magnetization on the

plane orthogonal to Hy is measured with the signal.)
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different concentrations are created. { ‘§\ A Attenuation 3dB
S‘ * Nuclear magnetic resonance is the basis of MRI.
« Calibration : measure the intensity of the < 3
resulting signal for each samples as a : « This technique unveils different materials in a sample by
function of 7, using different attenuations = 9 taking advantage of their different relaxation times
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« Sinusoidal fit applied, maximum recovered 1 * A magnetic field gradient is added to encode the position
in one direction of the sample. This gradient lead to
position-dependent Larmor frequencies. The position is . N
0 Frequency encoding for 1D imaging [2]

then recovered with a Fourier transform of the measured
signal. This technique is frequency encoding
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Intensity of transverse magnetization as a function of 7 for different
attenuations, with fit determining the pulse length.

* To produce a 2D image, frequency encoding alone is not
sufficient : applying two linear magnetic gradient fields

N LTS o on-Dag, in two directions would lead to a non-invertible signal
. J multiple points in space would share the same Larmor
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This is due to the spin phase shift caused by .“" Jated PP - X X P e
. o “ < The position is recovered with a 2D Fourier transform.
inhomogeneities of the Hy field. : >

« To isolate the T, relaxation time due to the spin-spin

interactions alone, spin-echo sequence is used. Frequency encoding and phase encoding for 2

imaging [2]

Results of the imaging of a teflon piece with varying phase encoding
resolution. The resolution affect the number of vertical pixels, and thus
the stretch of the the final image

« Spin-echo sequence consists of a 90° pulse followed by a
180° pulse, separated by a delay Ts. The measurement of
the echo is performed at the time 27T;.

x104

i 003M ¥ 01M

Organic tissue
& 0.06M - Fit: y(x) = ae /]

J Z 001M § 0.08M
can be detected

S 10
= Visible Invisible
£ ; Visible
7
g 5 * Resin pieces & oil have similar i |
E plece Addoil L] MR
o refraction index I I
0 « Submerged in oil it is not visible )
Sample  0.0IM  0.03M  0.06M  0.08M Imaging
0 10 2 30 40 50 o plane
7 [ms] 7,[ms] 2343 | 1442 | 72407 | 5.6£0.5 | 4.6+0.3 * MRl allows to see the pieces in oil

Magnetization of samples with varying concetrations Resin pieces

using the spin echo sequence as a function of 7, with fit
determining T, .

Conclusions

Calibration of H; duration
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