Seznam snimku a relevantni popis série popisu principu MR zobrazovani véetné vztahu
k jednotlivym videosekvencim

Obrazky a videa byly ptrevzaty z anglického originalu Plewes, D.B.: The Animated Physics of
MRI.

Vectors in-phase Out-of-phase
maximum magnitude smaller magnitude

1

2 e

Constant spin dephasing

Spin-echo will remove

Changing spin dephasing
Due to spin-spin coupling
Measure T2 with s

R I o inverting
: c
I

/'_;_z
% excitation

pulse

The spin echo 21
video 22 part 1 - The behavior of spin dephasing and RF pulses during the sequence
22 part 2 - NMR signal for different echo times TE

22 part 3 - Detailed view of the transverse magnetization components alone



23 The spin echo - T2 summary (MNR signal vs. the time TE)
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Tissue T2 (ms)
Grey matter 87
White matter 74
CSF
Thalamus 75
Putamen n
Internal capsule 67
Corpus callosum 69
Caudate nucleus 76

25 T2 modulation of image contrast
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27 Spin-lattice (T1) relaxation - animation
video 13



28 Spin-lattice relaxation values for various tissues (sample T1 relaxation times)

Tissue T1(ms)

Grey matter 871
White matter 515
CSF 1900
Thalamus 703
Putamen 47
Internal capsule 559
Corpus callosum

Caudate nucleus

30 Summary of T1 and T2 relaxation (relaxation effects)

T1 Relaxation
spin-lattice interactions
dissipation of energy
200-2000 ms time constant
T2 Relaxation
spin-spin interactions
loss of spin phase (order)
25-250 ms time constant

31 Overview of lecture on the physics of image formation (MR imaging)

Image structure
Fourier representation
Magnetic field gradients

Moving through K-space
Collecting K-space data
MRI sequence summary

32 Structure of MR images
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33 The question of localization (How do we localize the signal?)

MR Signals originate
from all tissues, not a pixel

34 The spatial location task
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35 Techniques for spatial localization
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X- Frequency Encoding

Y - Phase Encoding
X

36 Selective excitation: The ingredients

Combines effects of:
NMR resonance
Magnetic Field Gradient
RF excitation frequency

37 Selective excitations: An analogy - resonance
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38 Selective excitations and NMR resonance
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39 A uniform magnetic field (magnetic field gradients)

Uniform field
is constant in
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43 In plane localization

X - Frequency Encoding
Measures NMR signal in
the presence of a gradient

y inthe X direction

Y - Phase Encoding

Induces a different gradient
to induce a phase twist in
the Y direction.

44 The relation between the MR system and image formation
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47 A crude Fourier approximation
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48 A better Fourier approximation

Amplitude

1
=
0 4

Spatial Frequency (K) Distance

Fourler Transform Object

Amplitude
Amplitude

ELEUE

Distance
Frequency (K)

51 Successively better approximation

Fourier Transform
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52 Two dimensional K-space and image space (space and image domains)
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53 The meaning of various points on K-space (Fourier transform representation)

54 The question of How stripes are made in MRI ? (MR image formation)

How does MR imaging make
stripes?
variable spatial frequency?

variable orientation?

55 Return to the relation of the MR system and image formation

Changing field
in X direction only

Changing field
inY direction only




58 An alternative representation for magnetization
video 14

59 The effect of a gradient on an array of magnetization balls
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60 The effect of a gradient on an array of magnetization balls (animation)
video 15

61 Creating vertical stripes
video 16

62 Creating horizontal stripes
video 17

63 Creating blique stripes and K-space
videol8

64 Oblique stripes: A summary

65 How does the MRI system measure the K-space signals?
video 19

66 A simple (but incomplete) MRI pulse sequence
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67 The four quadrants of K-space (symmetric 2D K-space)

Data
Sampling

69 Fourier reconstruction of K-space: part A
video 20

70 Fourier reconstruction of K-space: part B
video 21

71 Conclusion I (MR image formation

Spatial location by application of
three orthogonal gradients
Selection excitation defines
slice location and width

In-plane locations done by:

Frequency Encoding
Phase Encoding

72 Conclusion Il (MR image formation)

Frequency Encoding
Measures location in one direction
MR signal measured with gradient on
MR signal vs time measures the

K-space data



73 Conclusion 111 (MR image formation)

Phase-encoding defines Y position
Incremented phase-encoding
gradient generates Ky data
Combined phase/frequency encoding

defines all K-space data
Requires many RF/gradient pulses
to fill all K-space




