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abdominal imaging
aliasing along the phase axis of
abdomen, 256
entry-slice phenomenon (ESP) in,
283, 283-5
out-of-phase signal cancellation in
image of abdomen, 266
phase mismapping in, 243
using balanced gradient-echo, 121
acceleration factor, 203
acoustic gradient noise, 336
active shielding, 327
active shimming, 330
ADC
in brain, 53
in diffusion imaging, 54
extracellular space and, 52
adrenal tumors, out-of-phase imaging
of, 268
algorithms, 203
aliasing, 170-1, 173, 232, 261, 277
appearance, 253-4
calculating, 255
causes, 254
FOV in, 253-4
frequency wrap, 254
in k-space, 203
phase wrap, 255
remedy, 255-61
velocity-encoding (VENC) gradients,
307
alignment of nuclei, 6-7, 8
antiparallel, 7
classical theory explanation, 6, 6-7
parallel, 7
quantum theory explanation, 7, 8
American College of Radiology (ACR)
levels of personnel, 348
safety zones, definition, 347-8, 348
American Society for Testing and
Materials International, device-
labeling icons, 349, 349
amplitude modulation, 167
analog, 167

analog-to-digital conversion (ADC), 167
watch analogy and, 167
analog watches, 167
aneurysm clips, 270, 355, 368
angiograms
2D sequential inflow, 299-300
3D volumetric inflow, 300
angular momentum, 4
anisotropic voxel, 236
antialiasing, 257-8
along frequency axis, 257, 257
along phase axis, 257, 260
anti-foldover (no phase wrap), 257
antiparallel alignment, 7
aorta
phase-contrast MRA of, 305
spatial presaturation pulses for
imaging, 295
swapping phase and frequency in
imaging of, 246
array processor, 280
artifacts
aliasing, 253-61
bas-relief, 262
chemical shift, 261-4, 265
cross-excitation/cross-talk, 273-5
from data acquisition errors, 280
from equipment faults, 280
flow, 280-3
magic angle, 279-80
magnetic susceptibility, 269-72
Moiré, 277-9
out-of-phase signal cancellation,
265-9
phase mismapping or ghosting,
243-53
remedies for, 296-7
shading, 276-7
truncation, 272-3
zipper, 275-6
asphyxiation, 366
asymmetric FOV, 234-5
atomic number, 2
atomic weight, 2
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atoms, 2, 6
electrical charge of, 2
motion in, 2-4, 3
structure of, 2
Avogadro’s law, 9
axial images
frequency-encoding gradients, 142
phase-encoding gradients, 147

balanced gradient-echo, 122
advantages and disadvantages, 121
balanced gradient system in, 119,

119
of lumbar spine, 121
maintenance of steady state in, 120
mechanism, 119-20
parameters, 122
steady state in, 120
uses, 121

balanced gradients, 336

bandwidth, 139
per pixel, 144

bas-relief artifact, 262

bellows, 248, 249

B, (external magnetic field), 8, 25, 313,

325
in Boltzmann'’s equation, 7
B, vs, 15
Larmor frequency vs, 10
number of spins and, 9

b factor/value, 54, 56
in DWI, 54

B, field, 8, 25, 337
B, vs, 15

bipolar gradient, 93

birdcage design, 339

black-blood imaging sequences, 303-4,

304
advantages, 304
in cardiac imaging, 304
blipping, 204
blood oxygenation level dependent
(BOLD) technique, 54, 325
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blurring, 125
Boltzmann equation, 7
bone
STIR, 83
T1 contrast of, 43
brain, 356
ADC values in, 53
axial 3D inflow MRA images of, 298
axial gradient-echo image of, 215-16
axial reverse-echo gradient-echo in,
115, 115
axial T2-weighted FLAIR of, 84, 85
axial T1-weighted inversion recovery
sequence of, 81
BOLD images of, 55
3D inflow MRA images of, 298
Ernst angle graphs of, 102
fMRI of, 54, 325
hemorrhage, 300
midline sagittal T1-weighted image
of, 51
number of signal averages (NSA) of
sagittal, 219
sagittal image of, 219, 223-5, 253
showing aliasing or wrap around, 253
T1 and T2 relaxation times and signal
intensity of, 101
T2 decay times of, 29
T1 recovery times of, 26
breath-hold images, T1-weighted, 111
brightness of pixel, 221
bucking coils, 327
burns
prevention during MRI, 360
RF-related, 358, 368

carbon (C'3), 5
cardiac pacemakers, risk of damage/
malfunction during scanning, 353,
355-6, 362-3
cardiac triggering, 252
carrier frequency, 139
Cartesian filling, 162
Cartesian k-space filling method, 165
cerebrospinal fluid (CSF), 31
ADC values, 53
T1 and T2 relaxation times and signal
intensity of, 101
T2 decay times of, 29
T1 recovery times of, 26
cervical spine, 342
balanced gradient-echo imaging of,
121
sagittal imaging of, 248
T2* vstrue T2 in images of, 113
chemical shift, 228
chemical shift artifact, 261, 265
appearance, 261-2

causes, 262-4
pixel shift vs, 263, 264
reducing receive bandwidth for
eliminating, 264
remedy for, 264
chest of drawers analogy, 69, 160,
160-1, 164, 195, 203
data acquisition type and, 206
explanation of k-space and scan time,
190
rectangular FOV and, 234-5, 236
size of FOV and, 192
children
open system scanner for, 316
psychological effects during scanning,
351
chronaxie value, 363
classical theory, 1, 4-5
direction of magnetic moments of
spins, 7
closed-bore systems, 316
clothes sorting exercise, 161
co-current flow, 282
coherent magnetization, 15, 18-20, 26,
31,91, 210
coherent or rewound gradient-echo, 110
of abdomen, 108
advantages and disadvantages, 109
echo formation in, 117
of knee, 108
mechanism, 106
parameters, 107-9
uses, 107
coils
bucking, 327
coil position vs signal-to-noise ratio
(SNR), 212
filling factor of, 339
gradient, 129, 131
head, 343
phased array, 211
quadrature, 211
RF homogeneity of, 339
RF receive, 340-3
RF transmit, 339
surface, 211
surface RF receive, 341-3
volume RF receive, 343
compensatory gradients, 151
computer system and graphical user
interface, 344-5
conjugate symmetry, 184
contrast agents, 56-7
contrast-to-noise ratio (CNR), 227
contrast-enhanced magnetic resonance
angiograms (CEMRA), 298, 309
contrast-to-noise ratio (CNR), 209
contrast agents, 227
definition, 226
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factors affecting, 226-7

flow-related techniques, 227-8

magnetization transfer contrast

(MTC), 227

optimization of, 232

T2-weighted images in, 227

using presaturation pulses, 228-32
conventional spin-echo, 64, 67

advantages and disadvantages, 67

mechanism, 65

parameters, 67

spatial encoding in, 68

uses, 66

using one echo, 65, 65

using two echoes, 65-6, 66
counter-current flow, 282
cross-excitation/cross-talk, 273-5, 274

appearance, 273

causes-275, 273

remedy for, 275
cryogens (coolants), 320, 322

asphyxiation risk, 366

explosion risk, 367

quenching risk, 366-7

thermal sensitivity from, 365-6
cryostat, 320-1, 321

physical construction of, 321, 321

primary function of, 321
Curie temperature, 315

dance analogy, 59

data points, 164

dead time and T1 recovery, 154

dephasing, 28, 29

diamagnetic compounds, 313

diamagnetism, 313-14, 314

diethylene triaminepentaacetic acid
(DTPA), 56

diffusion, 52, 53

diffusion weighted imaging (DWI),
52-4, 56

digital sampling frequency, 169-71,
179

in terms of Nyquist frequency, 173

digital sampling rate, 169

digital watch, 167

digitization of analog signal, 167

discs,ferromagnetic, 318

Dixon technique. see out-of-phase
imaging (Dixon technique)

Double Echo Steady State (DESS), 125

double IR prep, 87

driven equilibrium (DRIVE), 77, 77

2D sequential inflow angiograms,
299-300

dual echo spin-echo sequences, 66

duty cycle, 333

3D volumetric inflow angiograms, 300
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ECG-triggered 3D FSE, 308-9
echo planar imaging (EPI), 122-4
advantages and disadvantages, 126
contrast parameters, 126
uses and limitations, 124-7
echo-spacing, 73
echo time (TE), 22, 29
magic angle artifact and, 280
relationship between receive
bandwidth, frequency matrix, and,
174-6,171, 177
resolution, effects of, 234
slice number and, 178-9
susceptibility artifact and, 271
truncation artifact and, 272
echo train, 68, 69
full, 73
shared, 73
split, 73
echo train length (ETL), 68
eddy currents, 331
EKG-triggered subtraction imaging,
308-9
electrocardiogram (ECG, EKG) gating,
252
electromagnetic (radiofrequency) fields,
hazard effects of
antenna effect, 360-2
deterministic effects, 357
patient heating/burns, 358-60
temporary or permanent changes to
implanted devices, 362-3
electromagnetic spectrum, 12
electromagnetism, 313
electromotive force (emf), 18-19
entry-slice phenomenon (ESP), 280-3,
281-2, 284-5, 285
direction of flow, 282, 283
flip angle, 282
flow velocity, 282
slice thickness and, 282
TR in, 282
Ernst angle, 101, 102
even-echo rephasing, 296
extremity scanners, 317
extrinsic contrast parameters, 25, 226
T2* contrast and, 102

Faraday’s law of electromagnetic
induction, 4-5, 18-19, 129, 313,
320, 352

Fast Fourier Transform (FFT), 156,
158-9, 178, 179-83

fast gradient-echo, 122

fast or turbo spin-echo (FSE/TSE), 64,
76

advantages and disadvantages, 73
different rephasing angles in, 78

filling of k-space, 69
mechanism, 68-9
parameters, 73-5
PD-weighted image of a knee, 75 7
TR selection in TSE, 76
T2-weighted image of a female pelvis,
72
T1-weighted image of a male pelvis,
74
uses, 72-3
weighting in TSE, 70-1
fat
chemical shift artifact of, 262
hyperintensity of, 328
magnetic moments of, 33, 178, 228,
230-1, 262, 265, 269
molecules, 32
out of phase magnetic moments of,
269
partial saturation of, 36
periodicity of, 268
saturation, 228, 228-9
suppression, 83, 273, 326
T2 decay in, 34
T1 recovery in, 33
T1 recovery time of, 36
ferromagnetic compounds, 314
ferromagnetism, 314-15, 315
field of view (FOV)
chest of drawers analogy and size of,
192
distance between each data point
and, 196-7
frequency, 144-5, 151, 194-5
frequency encoding and, 144-5
half FOV ghosts, 125
k-space, 191-5
phase, 192-5
pixel dimension and, 233
receive bandwidth for whole, 178
rectangular, 234-5
resolution and, 234
size of, 191-2, 194
voxel dimensions and, 221, 223
field strength (flux density), 325
filling factor of a coil, 339
filling options for k-space, 199-206,
200
in EPI, 204
NSA controls, 190-1, 215
parallel imaging, 201-3, 202
partial echo, 201, 202
partial or fractional averaging or half
Fourier, 200, 200, 200-1
propeller, 205
radial, 205
single-shot (SS) imaging, 204-5
spiral, 205, 205
fine matrix, 233

first-order motion, 290
compensation, 293
first spin-echo, 66
flip, 16
flip angle
entry-slice phenomenon (ESP), 282 389
gradient-echo pulse sequences, 90
signal-to-noise ratio (SNR) vs,
214variable, 90
flow artifacts, 280-3
entry-slice phenomenon (ESP),
280-3, 284-5
flow-related enhancement of signal,
280
high-velocity signal loss, 280
time-of-flight (TOF) phenomenon,
280, 285-90
flow compensation techniques, 296
even-echo rephasing, 296
gradient moment rephasing (gradient
moment nulling), 291-3, 292
spatial presaturation pulses, 293-5,
294, 296
flow-dependent (non-contrast-enhanced)
angiography
benefit of, 298
2D sequential inflow angiograms,
299-300
3D volumetric inflow angiograms, 300
inflow MRA, 298-9, 303
scan time, 298
flow-related enhancement, 281, 281
flow-related techniques, 227-8
flow-spoiled fresh blood imaging,
308-9
flow velocity
in entry-slice phenomenon (ESP), 282
in time-of-flight (TOF) phenomenon,
287
fluid attenuated inversion recovery
(FLAIR), 60, 64
of brain, 85
EPI-FLAIR, 123
gadolinium and, 86
mechanism, 84
parameters, 86—7
uses, 85
flux density, 325
fold-over suppression (no phase wrap),
257
foreign bodies, risk from, 357
free induction decay (FID) signal, 21,
29, 29, 153
frequency encoding, 135, 145, 151
FOV and, 144-5
keyboard analogy and, 143
procedure, 142
rephasing mechanism in, 142-3
timing of, 142, 144
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frequency FOV, 144-5, 151, 194-5
frequency matrix, 144, 151, 164, 177,
178-9, 184, 191, 193-4, 196,
208, 233-4
of 10, 172
k-space and, 167-8
relationship between TE, receive
bandwidth, and, 174-6, 177, 177
scan time and, 238
sprinter analogy and, 171-2
frequency modulation, 167
frequency resolution
in k-space, 193
frequency wrap, 254
fringe field, 318
functional MRI (fMRI), 54-5, 55, 56,
325-6

gadolinium (Gd), 56, 315
contrast-enhanced magnetic resonance
angiograms (CEMRA), 298
ferromagnetic nature of, 315
FLAIR and, 86
incoherent or spoiled gradient-echo
sequences, effect in, 111
in IR pulse sequences, 81
SPIR vs STIR sequences, 231
gating, 250
in cardiac imaging, 252
electrocardiogram (ECG, EKG), 252
gauss (unit), 132, 325, 335
ghosting artifact. see phase mismapping
gradient amplifiers, 332-3
gradient amplitude, 133
gradient axes, 134-5
x gradient, 134
ygradient, 134
z gradient, 134-5
gradient coils, 129, 131, 331-2, 332
gradient-echo, 93
gradient-echo EPI (GE-EPI), 122, 123
gradient-echo pulse sequences, 58, 89,

93, 94, 127
classification of, 106
coherent or rewound gradient-echo,
106-9
common acronyms, 90
comparison of single-shot and
multishot techniques, 123
extrinsic parameters, 99
gradient rephasing, 91-3, 92, 94
parameter selection in, 119
variable flip angle, 90
vs spin-echo pulse sequences, 90
weighting mechanisms in, 94-106

gradient labeling, 135
gradient moment rephasing (gradient

moment nulling), 253, 291-3, 292

gradient off-set (dynamic) shimming, 330

gradient polarity, 129, 130
gradient power duty cycle, 335
gradients, 8, 129
field strength and precessional
frequency, changes in, 130, 132
mechanism of, 129-33, 133
in pulse sequence diagrams, 134
steep and shallow gradient slopes,
133, 133
watch analogy and, 132
gradient spoiling, 91, 111
gradient system, 330-7
acoustic gradient noise, 336
balanced gradients, 336
characteristics of a magnetic field
gradient, 334
field strength, 333
gradient amplifiers, 332-3
gradient amplitude, 334-5
gradient coil, 331-2, 332
gradient power duty cycle, 335
gradient rise time, 335
gradient slew rate, 335
graphical user interface, 344-5
GRASE (gradient- and spinecho), 124,
124
gray matter, ADC values of, 52, 53
gyromagnetic ratio, 10

Hahn echoes, 105
half Fourier, 199-201
half FOV ghosts, 125
head coils, 343
headphones, 364
heart

balanced gradient-echo imaging of, 121

gating in cardiac imaging, 252
IR prep sequences of, 87
phase encoding axis, 246
heat analogy, 48, 49-50
weighting in gradient-echo using, 97,
98-9
Heisenberg’s Uncertainty Principle, 2
helium dewar, 366
high-energy nuclei, 7
homogenous magnetic field, 328
human body, common elements in, 5
hybrid sequences, 124
hydrogen, 2
energy states of, 7
in fat, 33
gyromagnetic ratio of, 10
magnetic characteristics of, 12
nucleus/nuclei, 5, 7
value of S for, 8
hydrogen nuclei, magnetic moments of,
5,6-7, 64, 148, 152, 182, 328,
338
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Boltzmann’s equation, 7

direction of, in classical and quantum
theory, 7

precessional frequency of, 130-1

image blurring, 73, 125
image contrast in diagnostic imaging,

25, 56
contrast agents, 56-7
contrast mechanism, 31-2
extrinsic contrast parameters, 25
functional MRI (fMRI), 54-5, 55,
56
intrinsic contrast parameters, 25
magnetization transfer contrast
(MTC), 55
proton density contrast of tissues, 41
relaxation, 25-6, 32-5
signal intensity of a tissue, 41
susceptibility weighting (SWI), 55
T1 contrast, 36
T2 contrast, 40-1, 41-2
T2 decay, 26-31, 28
T1 recovery, 26-7, 27
weight image contrast, 42-8

image matrix, 221

in k-space, 233

number of pixels in the FOV and, 233
voxel size and, 233

voxel volume and, 221

incoherent or spoiled gradient-echo,

112,113
advantages and disadvantages, 113
echo formation in, 118
mechanism, 109-11
parameters, 111
spoiling methods, 110-11
uses, 111

inflow MRA, 298-9, 303

advantages and disadvantages, 300
overcoming advantages of, 300

in phase (coherent), 13, 15
inter-view mismapping, 245
intravoxel dephasing, 290, 291
intrinsic contrast parameters, 25, 226
inversion recovery (IR), 64, 87

advantages and disadvantages, 85

fast, 82

image reconstruction in, 87

180° inverting pulse in, 79

mechanism, 78-80

parameters, 81-2

PD weighting in, 80

prep sequences, 87

sequence, 79

T1 weighted, of brain, 81

T1 weighting in, 80

uses, 81
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ionization, 2

ions, 2

isotopes, 2
isotropic voxel, 235

J-coupling, 72
joint imaging
using balanced gradient-echo, 121

k-space, 68-70, 73

central lines of, 184, 186

chest of drawers analogy and, 69,
160, 160-1

contrast lines of, 186

data acquisition and image creation
in, 165-83

data arrangement in, 164

data points vs photographs, 169

definition, 159

digital sampling frequency, 169-70

filling and phase reordering, 71

filling methods, 159, 161-2, 164

filling options, 199-206, 200

FOV dimensions, 233

frequency axis of, 159, 160, 192,
194

frequency FOV, 192-5

frequency matrix, 168, 193

frequency resolution, 193

grid of data points in, 167, 168, 184

image matrix in, 233

labeling, 163

lines of, 161

meaning of k, 159

multiple noise spikes, 277

negative and positive halves of, 200

phase axis of, 159, 160, 182, 192,
194

phase-encoding gradient and,
163-5

phase FOV, 192-5

phase gradient amplitude vs signal
amplitude, 186

phase matrix, 168, 190, 193, 233

phase mismapping and, 245

pixel size, , 193-5, 233

positive polarity phase-encoding
gradients, 161

pulse sequences, 197-9

respiratory compensation and, 248,
249-50

sampling window, 167, 169-72

scan time to fill, 188-91

sequential and 3D (volume)
acquisition of data in, 206-8

signal and resolution of image,
185-7, 186-7

signals from one voxel, 180

in a single shot, 204

size of FOV, 191-2, 194

slice-select gradient application,
164-5

spatial resolution, 193

symmetrical features, 182, 184, 185

units of, 159

using signal data only, 188

vs spatial frequency, 159

waveforms, 166180

laminar flow (parabolic flow), 288-90
Larmor equation, 10
Larmor Grand Prix analogy, 62, 63
Lenz’s law, 19
level 1 personnel, 348
level 2 personnel, 348
lipids, 32
liquid helium, 322

risks from, 365-7
liver

ADC values, 52

nulling of signals in, 231-2
lobes, 134
longitudinal and transverse

magnetization, 21

longitudinal plane, 7
Lorentz force, 328, 336, 352
low-energy nuclei, 7

magic angle artifact, 279-80
appearance, 279
causes, 279-80
in collagen rich tissues, 279-80
echo time and, 280
of patellar tendon, 279
remedy for, 280
magnetic flux density, units of, 132
magnetic homogeneity, 343
in MRI, 328-9
magnetic isocenter, 129, 132-3
location of pixel at, 182
magnetic moment, 4, 9, 13-14
magnetic moments of fat nuclei
inversion of, 230
precessional frequency of, 228, 231
saturation of, 228
magnetic resonance angiography (MRA)
flow-dependent, 309
inflow, 298-9, 303
pulse sequence parameters, 309
magnetic resonance imaging (MRI)
classical theory in, 1
components of, 312
computer system and graphical user
interface, 344-5
extrinsic contrast parameters, 25

fat and water, 32, 32-3
frequency encoding in, 143
fundamentals of, 1

geometric accuracy of, 269-70
image contrast in, 24

intrinsic contrast parameters, 25
k-space filling methods in, 161-2

magnetic field homogeneity in, 328-9

patient transport system, 343-4
principles of, 2
scanners, 311-12, 312
slice-selection in, 138
thermal equilibrium in, 9
voxel geometry and pixel dimension,
233
magnetic susceptibility, 313

magnetic susceptibility artifact, 269-71

appearance, 269
causes, 269-70
of a dental implant, 270
echo time and, 271
of knee, 271
receive bandwidth and, 271
remedy, 270-2
spin-echo sequences and, 270, 272
magnetism, 313, 313-15
diamagnetism, 313-14
ferromagnetism, 314-15
paramagnetism, 314
magnetization transfer contrast (MTC),
55, 227
magnet shielding
active, 327
passive, 326-7, 327
magnet system, requirements of
field strength, 318
fringe field, 318
homogeneity aspect, 318
weight and bulk of magnet, 318
magnitude images, 307
mass number, 2, 4
maximum intensity projection (MIP),
300-1, 301
Moiré artifact, 277-9
appearance, 277-9
field inhomogeneity, 277-9
multiple noise spikes, 277, 278
as zebra lines, 277, 278
molecules, 2
MR active nuclei, 4-5, 10
magnetic moments of, 12
multiple overlapping thin slab
acquisitions (MOTSA), 302, 302
muscle, 31
cardiac, 363

images in steady-state sequences, 100

magnetization transfer effects of, 72
rheobase, 363
T1 recovery and T2 decay times, 102
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negative lines, 161
neodymium magnets, 318
net magnetic vector (NMV), 7-9, 9, 21,
26, 31, 61, 79-80, 82, 90
of fat, 33
fully saturated, 36
partially saturated, 36
signal-to-noise ratio (SNR), effect
on, 9
of water, 33
neurostimulators, risk of damage/
malfunction during scanning, 355
neutrons, 2
nitrogen (N'%), 5
magnetic characteristics of, 12
noise, 210
non-MRI personnel, 348
nucleons, 2
null point, 82
number of signal averages (NSA),
190-1, 196
multiple, 252
phase mismapping and, 258
of sagittal brain, 219
scan time and, 237
nutation, 14
Nyquist frequency, 171
Nyquist theorem, 170, 170

@ersted, Hans Christian, 313, 319
open systems, 316
optimal saturation, 230
optimizing image quality, 239
out-of-phase imaging (Dixon technique),
232, 268
out of phase (incoherent), 13, 15
out-of-phase signal cancellation, 265-9
appearance, 265
benefits of, 268
causes, 265
watch analogy and, 266, 267
oxygen (0'), 5
magnetic characteristics of, 12

PACS (picture archiving and
communications system) access
network permitting teleradiology,
345

parallel alignment, 7

parallel imaging, 201-3, 202

paramagnetic compounds, 314

paramagnetism, 314, 314

partial averaging, 200-1

partial echo, 201, 202

partial voluming, 232

passive shielding, 326-7, 327

passive shimming, 329-30, 330

pathology weighting, 82

patient transport system, 343-4
PD weighting, in coherent gradient-
echo, 109
peripheral pulse triggering, 252
permanent magnet MRI scanners,
318-19, 319
permanent magnets, 316
phase, 13
phase-contrast angiography, 304-7, 307
advantages and disadvantages,
305-7, 307
gradient, 305
phase-contrast MR angiography, 228
phase encoding, 135, 146, 151, 179
amplitude and polarity changes in,
149-50, 153
of axial images, 147
of coronal images, 147
long and short axis of anatomy, 147
phase matrix and phase resolution in,
149-50
phase shift along the gradient, 155,
156
procedure, 145-7
of sagittal images, 147
selection of direction, 147
spatial frequencies in, 155-6, 156,
158
steep and shallow gradients, 149,
149-50
timing of, 148, 148-9
watch analogy and, 147
phase FOV, 194-5
phase images, 307
phase-locked circuit, 110
phase matrix, 149-50, 151
scan time and, 237
phase mismapping, 232, 243-53, 253
appearance, 243
cause, 244, 244-5
equation, 243
gradient moment rephasing for
reducing, 253
image through a breathing abdomen,
243
k-space and, 245
multiple NSA for reducing, 252
phase-encoding gradient, 244
presaturation pulses for reducing, 248
remedy for, 245-53
respiratory compensation for reducing,
248-9
respiratory gating and triggering for
reducing, 250-1, 251
swapping phase and frequency for
reducing, 246
phase oversampling (no phase wrap), 257
phase reordering, 72
phase resolution, 149-50, 151
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phase wrap, 255
pixel, 129, 221
pixel dimension, 233
pixel size
frequency, 194, 196
in k-space, 233
phase, 194-5, 196
polarity of gradient, 93
pole shoes, 318
precession, 10, 11
spin-up and spin-down populations,
11
precessional (Larmor) frequency, 10,
13-14, 33, 55, 128, 139, 148
between fat and water, 228
gyromagnetic ratio, 10
of hydrogen, 31
Larmor equation, 14
magnetic field strength and, 28-9,
130, 130, 135
of magnetic moments of fat nuclei,
228
of magnetic moments of hydrogen
nuclei, 34, 103, 130-3, 135-6,
139, 142, 145-7, 228
shallow gradient slopes, effect of,
133
slice-select gradient and, 136, 139
precessional path, 10
presaturation pulses, 228-32, 293-5,
294, 296
for reducing phase mismapping, 248
projectile hazards, 352-5, 353-4
propeller k-space filling, 205
protium, 5, 5
protocol (s)
characteristics, 209-10
definition, 209
modification, 238-41
optimization of, 210
proton density contrast of tissues, 41
examples, 47
proton density (PD) of a tissue, 31
proton density weighting, 46, 48
of ankle, 47
heat analogy, 50
protons, 2
pseudo-frequency, 180
psychological effects of MRI, 350-1
pulsatile flow, 293
pulse generator module (PGM), 344
pulse sequence, 22, 22, 25
pulse sequences, 21, 58
definition, 59
diagram, 59
pulse sequence timing, 152-4
pulse timing parameters, 22
pulse width modulated (PWM) design,
332
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quantum theory, 1, 7
quenching, 354, 366-7

radial k-space filling, 205
radian (s), 13, 159
radio frequency (RF), 12
radio frequency (RF) excitation pulse,
14-15, 29, 128
dummy pulses, 37
magnetization in water, effect on, 36
preparatory, 37
ramped RF, 302
ramped sampling, 122
ramping a magnet, 323, 324
rare-earth magnets, 318
RARE (Rapid Acquisition with
Relaxation Enhancement), 68
readout or measurement gradient, 142,
167
receive bandwidth, 144, 172-4
parameters of different
manufacturers, 178
reducing for eliminating chemical
shift artifact, 264
reducing of, 220-1
relationship between TE, frequency
matrix, and, 174-6, 177, 177
signal-to-noise ratio (SNR) vs, 220,
220
susceptibility artifact and, 271
for the whole FOV, 178
rectangular FOV, 234-5
reduction factor, 203
relative permittivity, 362
relaxation, 20, 25-6, 31
in different tissues, 32-5
relaxivity, 56
renal area, chemical shift artifact of, 262
repetition time (TR) period, 22, 154
acceleration factor, 203
in balanced gradient echo, 120
in coherent gradient-echo, 120
entry-slice phenomenon (ESP), 282
equal infinity, 124
frequency-encoding gradient in, 183
k-space filling and, 163-5, 189, 201,
203
longitudinal magnetization during, 95
reduction factor, 203
respiratory gating and triggering,
effects of, 251
SAT TR, 230
scan time and, 237
signal to noise ratio vs, 213-15
T1 recovery and, 154
vs slice number, 189, 189
resistive electromagnets, 318-20
resistive MRI scanners, 320

resonance, 8, 13-16
resonator, 360
respiratory compensation techniques,
248-9, 248-50
respiratory gating and triggering, 250-1,
251
respiratory navigator echoes, 248
respiratory sensor, 248
reverse-echo gradient-echo, 114, 117
actual TE, 114
advantages and disadvantages, 116
in brain, 115
echo formation in, 118
effective TE, 114
mechanism, 113-14
parameters, 116-17
steady-state sequences in, 117-18
uses, 115
rewinders, 93
RF amplifier, 339
RF homogeneity of the coil, 339
RF receive system, 339-40
RF rephasing, 59-62, 64
180° RF rephasing pulse, 60-1, 61
RF rephasing in spin-echo pulse
sequences, 139, 141
frequency encoding and, 142-3
in hybrid sequence, 124
in spin-echo EPI (SE-EPI), 123
RF shielding, 337-8
RF spoiling, 110, 110-11
RF system, 337-43
RF receive coils, 340-3
RF receive system, 339-40
RF shielding, 337-8
RF transmit coils, 339
surface RF receive coils, 341-3
transmit system, 338-9
volume RF receive coils, 343
rheobase, 363
right-hand grip rule, 319, 320
rise time of gradient, 335
rotating frame of reference, 18

safety (MRI)
of devices, 349-50
MRI conditional, definition, 349
MRI safe, definition, 349
MRI unsafe, definition, 349
of patient, 350
philosophy behind, 347
protection of patient’s hearing during
scan, 365
tips, 367-8
zones, 347-8
sagittal brain, using a square FOV, 225
sampling
digital sampling frequency, 169-71
digital sampling rate, 169

equations, 171
at less than once per cycle, 170
once per cycle, 170
sprinter analogy and, 171-2
sampling interval, 169
sampling time, 142
sampling window, 142, 173-4, 178, 179
frequency-encoding gradient in,
174-5
impact on TE, 174
sampling window (acquisition window),
167
SAT TR, 230
saturation, 17
saturation of fat signal, 228
saturation pulses, 248
scanner configurations
closed-bore systems, 316
extremity systems, 317
open systems, 316
scan time, 68-9, 210
in flow-dependent (non-contrast-
enhanced) angiography, 298
frequency matrix and, 238
for improving resolution, 238
NSA and, 237
optimization, 237
phase matrix and, 237
TR and, 237
sensitivity encoding. see parallel
imaging
sequential acquisitions of data, 206,
207
sequential and 3D (volume) acquisition
of data in k-space, 206-8
shading artifacts, 276-7
appearance, 276
causes, 276-7
remedy for, 277
shimming, 328-30
active, 330
gradient off-set (dynamic), 330
passive, 329-30, 330
shim system, 328-30
short tau inversion recovery (STIR), 60,
64, 308-9
of knee, 84
mechanism, 82-3
parameters, 84
pulse sequence, 231
uses, 83
sickle-cell anemia, 290
signal intensity of a tissue, 41
signal-to-noise ratio (SNR), 209, 226,
233
coil position vs, 212
definition, 210
equations, 211
field strength and, 325-6
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signal-to-noise ratio (continued)
flip angle vs, 214, 214
magnetic field strength and, 211
net magnetic vector (NMV), effect
of, 9
number of signal averages vs,
215-18, 218-19
optimization of, 226
phased array coils and, 211
proton density and, 211
quadrature coils and, 211
receive bandwidth vs, 220, 220
relationships between protocol
parameters and, 226
signal amplitude affecting, 210
slice thickness vs, 222
spatial resolution and, 239, 241
surface coils and, 211
TE controls vs, 215, 216-18
trade-offs in, 238, 240
TR controls vs, 213, 213-15
T2-weighted images in, 227
type of coil and, 211
volume imaging and, 223
voxel volume vs, 221-3
single shot fast or turbo spin-echo
(SS-TSE), 77, 204
single-shot (SS) imaging, 204-5
slew rate, 334-5
slice encoding, 207
slice gap, 151, 196
slice-selection, 135-9, 141, 151
gradients performing, 136, 138
in MRI system, 138
procedure, 135-6
slice thickness and, 139-41, 140
timing of, 136, 138
tuning fork analogy and, 136, 137
slice thickness, 139-41, 151, 196
entry-slice phenomenon (ESP), 282
time-of-flight (TOF) phenomenon and,
287
solenoid electromagnets, 316-17,
317-18, 323
solenoid magnets, 319, 322
space-blanket, 321
spatial encoding, 129, 161, 230, 270,
352
in conventional spin echo, 68
gradient axes, 134-135
mechanisms of gradients, 129-133
slice-selection, 135-139
watch analogy and, 152
spatial frequency, 155
musical notes on a piano keyboard,
155
from slice-selection, 158
in steep phase-encoding gradients,
155

vs amplitude of phase-encoding
gradient, 155-6, 156
spatial inversion recovery (SPIR), 230
STIR vs, 231
spatial presaturation pulses, 293-5,
294, 296
for black-blood imaging sequences,
303
spatial resolution, 210, 232-4, 237
in k-space, 193
in MR, 239
voxel size and, 232
specific absorption rate (SAR), 78, 346
spinal imaging
using balanced gradient-echo, 121,
121

spine
flexion and extension views of, 316
spin-echo, 61

spin-echo EPI (SE-EPI), 122-3, 123
of abdomen, 125
spin-echo pulse sequences, 58, 62, 88
common acronyms, 60
elimination of T2* dephasing, 61
gradient timing in, 152-4, 153
k-space filling in, 164
spin—lattice energy transfer, 26
spin-spin interaction, 28
spin-spin relaxation, 27-8
optimality of, 35
spiral flow (helical flow), 290
spiral k-space filling, 205, 205
spleen, nulling of signals in, 231-2
spoilers, 91
sprinter analogy, 171-2
static field of MRI scanner, implications
for safety
foreign bodies, 357
projectile hazards, 352-5
torque on implanted devices, 355-7
transient biological effects, 351-2
stationary frame of reference, 18
steady-state, 37, 105
echo formation in, 103-6, 104-5
weighting of steady-state gradient-
echo sequences, 100-1, 101, 102
stents, risk of damage/malfunction
during scanning, 355
superconducting MRI scanner, 322
superconductive magnet systems, 326
electromagnets, 320-2
superconductivity, 322
suppression
CSF, 84
fat, 83, 273, 326
fold-over, 257
in inflow angiography, 268, 300
surface RF receive coils, 341-2, 341-3
susceptibility weighting (SWI), 55
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T1 agents, 56
T2 agents, 56
tau, 60, 64, 64
T1 contrast, 36, 52
achieving steady-state, 37
examples, 43
impact on saturation effects, 36,
38-9
longitudinal magnetization in fat and
water, 36, 37
T2 contrast, 40-1, 41-2, 52
examples, 46
T2* contrast, 97
extrinsic contrast parameters and
effect on, 102
in gradient-echo, 97
TE controls and effect on, 95
T2 decay, 26-31, 28, 41, 44,52, 61,
65-6, 94, 102, 153
of brain tissue, 30
in fat, 34
between fat and water, 45
strength of B and, 35
in water, 34
T2* decay, 94
T2 decay time, 29, 52, 55
of fat and water, 40
T2* dephasing, in spin-echo pulse
sequences, 59-61, 60, 61, 62
in magnetic moments of hydrogen
nuclei, 60, 61
teslas (T), 8, 132, 325
thermal equilibrium, 7
spin-up to spin-down nuclei in, 9
thermal sensitivity, cryogen, 365-6
three-dimensional (3D) volumetric
acquisition (volume imaging),
207-8
time-of-flight (TOF) phenomenon, 280,
285-90, 286, 288
flow velocity, 287
in gradient-echo pulse sequences,
287
slice thickness and, 287
in spin-echo pulse sequences, 286-7
TE vs, 288
type of pulse sequence and, 285
types of flows, 288-90, 289
time-varying gradient magnetic fields,
hazard effects of
adverse effect on implanted devices,
363
nerve stimulation, 363
noise-induced hearing loss, 364, 364-5
tip angle, 16
tissues
aliasing of, 203
contrast agents and visualization of, 56
dephasing between, 271
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diffusion imaging of, 54
EPI sequences on, 124
gradient-echo imaging, 95-6
IR pulse sequences, effect of, 81-2
magnetization in, 100, 122, 269, 281
nulling of signals in, 231-2, 293
proton density of, 211
RF rephasing effect on, 62, 65
susceptibility weighting (SWI) of,
55-6
T1 and T2 relaxation times of, 100,
101, 103-6
T2 decay time of, 65-6, 73, 102,
113
turbo spin-echo imaging, 73
T2-weighted images of, 56
Tl (time from inversion), 80
torque on implanted devices, effect on
patient, 355-7, 356
trade-offs, 210
transceiver, 339
transient biological effects, 351-2
transmit bandwidth, 139
transverse plane, 14
traveling SAT band, 299
T1 recovery, 26-7, 27, 42, 52
dead time and, 154
in fat, 33
between fat and water, 42, 42
in water, 33, 34
T1 recovery times, 26, 52, 81
of brain tissue, 26
of fat, 36
triggering, 250
cardiac, 252
EKG, 252
peripheral pulse, 252
triglyceride fat molecules, 262
triple IR prep, 87
truncation artifacts, 272-3, 273
appearance, 272
causes, 272
echo time and, 272
remedy, 273
turbo factor, 68-9
T2-weighted image
of buttock, 227
of pelvis, 230-1
T1-weighted images, 44, 52, 300, 303
of brain, 51
breath-hold images, 111
chest, 246-7
fat suppression techniques used in,
273
heat analogy, 49
of knee, 43
T2-weighted images, 44, 46, 52
contrast-to-noise ratio (CNR) in, 227
heat analogy, 49

signal-to-noise ratio (SNR) in, 227
of wrist, 45
T1 weighting
in coherent gradient-echo, 109
T2* weighting, 94, 124
in coherent gradient-echo, 106, 109
in gradient-echo and heat analogy,
97, 98
two-dimensional (2D) volumetric
acquisitions of data, 206, 207

ultra-high-field research magnets, 327

ultra-high-field-strength systems, 327,
351-2

unpaired electrons, 56, 314-15, 319

user interface, 344-5

variable flip angle, 90
vascular patency, 290
vectors, 21, 303, 334
at different frequencies dephase, 28
extrinsic contrast parameters, effect
of, 95
fat, 35, 36, 42, 44, 46, 65, 81,
95-6, 265
in 180° RF rephasing, 61
RF spoiling effect on, 110
water, 35, 36, 42, 44, 46, 65, 81,
95-6, 265
velocity-encoding (VENC) gradients,
304, 306-7
venetian blind effect, 302
view-to-view mismapping, 245
volume imaging, 188, 200
aliasing in, 261
resolution and, 235-6
SNR and, 223
three-dimensional (3D) volumetric
acquisition, 207-8
volume RF receive coils, 343
vortex flow, 290
voxel, 129
voxel size
FOV vs, 233
number of pixels or image matrix and,
233
slice thickness vs, 232
voxel volume
changes in FOV and, 223
image matrix and, 221
signal-to-noise ratio (SNR) vs, 221-3,
222
voxel size and slice thickness, 221

warm bore, 321, 321

warning signs, 355

watch analogy, 17-18, 132
change of phase over time, 155
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out-of-phase signal cancellation and,
266, 267
phase encoding and, 147
spatial encoding and, 152
watch analogy and
analog-to-digital conversion (ADC),
understanding, 167
water
chemical shift artifact of, 262
magnetic moments of, 178, 262,
265, 269
molecules, 32
net magnetization vector (NMV) of, 33
out of phase magnetic moments of, 269
periodicity of, 268
saturation, 228, 229
T2 contrast image of, 40, 40
T2 decay in, 34
T1 recovery in, 33, 34
weight image contrast, 42-8
proton density weighting, 46
T1-weighted image, 42. see also
T1-weighted images
T2-weighted image, 44. see also
T2-weighted images
weighting mechanisms in gradient-echo
pulse sequences, 94-106, 100
extrinsic contrast parameters, 95-6
heat analogy and, 97, 98-9
PD weighting, 96, 99
residual transverse magnetization, 102
steady state, 100-1, 101, 102, 106
T1 weighting, 95-6, 96
T2* weighting, 96, 97
white matter
ADC values, 53
FLAIR imaging of, 85
T1 and T2 relaxation times and signal
intensity of, 101
T2 decay times of, 29
T1 recovery times of, 26
wrap. see aliasing

x gradient, 134, 136, 142, 147, 150,
331
Xx-y-axis, 14

ygradient, 134, 136, 142, 147, 331

z-axis, 7
Zeeman interaction, 7-8
z gradient, 134, 136, 141-2, 145, 331
z gradient amplifier, 331
zipper artifact, 275-6
phase mismapping, 275, 276
causes, 276
remedy for, 276






