
Index

L1-magic, 447
L1([0, 1]), 228
L1(�n), 94
L2-derivative

one dimension, 119
periodic case, 248
periodic case, higher dimensions, 273

L2([0, 1]), 239, 687
L2(�n), 108
T2-weighting, 515
B0-field, 512
B1-field, 512
�0([0, 1]), 686
� j (�), 102
�k([0, 1]), 686
�∞(�), 102
δi j , 657
σ -algebra, 528
l2, 243
l p spaces, 694

Abel transform
definition, 80
inversion formula, 83

absolute error, 11, 644
absolute value, 48
absolute value function, 645
absolutely convergent series, 726
absolutely integrable, 735

on �n , 740
adjoint

matrix, 669
transformation, 669

aliasing, 289
alternating series test, 727
amplitude, 314, 315, 320
apodizing

filter, 326
function, 326, 416

apodizing function, 416

approximation
by smooth functions, 165
in L2, 247
polynomial, 705
step function, 706

approximation problems, 246
argument of a complex number, 49
arithmetic

rules of, 640

back-projection formula, 77
back-substitution algorithm, 672
background field, 512
ball of radius r , 71
bandlimited

effectively, 291
function, 278
function, higher dimensions, 301
functions on �n , 345

bandwidth, 278
effective, 329
effective in �n , 345
finite, 278
finite, higher dimensions, 301
of a computation, 380
usable, 380

basis, 652, 655
orthonormal, 667

Bayes’s law, 542
Bayesian, 504
beam hardening, 68
beam profile, 452
beam width, 454
Beer’s law, 57

probabilistic interpretation, 578
Bernoulli detector, 578
Bessel function, 684

asymptotic expansion, 685
integral formula, 685
power series expansion, 684

753
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Bessel’s inequality, 247
biased estimate, 573
big O notation, 102
bilinear function, 669
binary noise, 364
binary string, 643
binomial formula

elementary, 679
general, 680

Bloch equation, 512
low flip-angle approximation, 518

Bolzano-Weierstrass theorem, 724
Borel sets, 529
Brownian motion, 615

carrier frequency, 294
Cauchy criterion, 648, 725
Cauchy sequence, 648, 725

normed vector space, 690
on �n , 663

Cauchy-Schwarz inequality, 7
L2(�n), 108
�n , 52
�n , 666
proof, 52

centered moment, 547
central limit theorem, 565
central slice theorem, 184

higher dimensions, 220
change of variable formula, 735
characteristic function, 706

in probability theory, 551
of a subset of �n , 55

characteristic polynomial, 107
Chebyshev inequality, 548
chemical shift, 511
CNR, 521
collimator, 372
common refinement, 733
comparison test, 726
completeness, 646, 691

axiom, 724
complex conjugation, 48
complex exponential

higher dimensions, 138
complex numbers, 48
complex plane, 48
compressive sampling, 447
condition number, 40
conjugate symmetry, 52

constraint, 6
contrast-to-noise ratio, 521
convergence

in the mean, 688
of generalized functions, 701
uniform, 686
with respect to a metric, 663

convergent sequence, 724
convergent series, 726
convergent subsequence, 724
convex region, 17
convolution

and Fourier series, 252
definition in higher-dimensional periodic

case, 271
definition in periodic case, 252
derivatives and, 163
Fourier transform of, 158
of functions, 154
of sequences, 252

Cooley-Tukey algorithm, 397
coordinate vectors, 651
Cormack, Alan, 3
correlation

coefficient, 554
matrix, 558

countable additivity, 530
covariance, 554

matrix, 558
cross-correlation function, 629
cumulative distribution, 546

decimal representation, 646
degrees of freedom, 6
deleted neighborhood, 729
δ-function, 172
demodulated signal, 294
dense subset, 116
derivative

L2, 121
classical, 117, 730
generalized function, 700
half, 119, 188
weak, 118
weak higher order, 119

diameter of a hypersurface, 349
differentiation

rules of computation, 731
under the integral sign, 741

dimension, 655
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finite, 42
infinite, 42

Dirichlet kernel, 255
disk, 71
distance function, 645, 662
distribution function, 546
divergent series, 726
dot product, see inner product
dual vector space, 654
dynamic range, 54

echo-time, 522
effective support, 291, 329
effectively bandlimited, 291, 329
empty set, 528
ensemble average, 532
equivalent width, 333
Euclidean n-space, 650
Euclidean length, 662
even function, 114

finite interval, 229
even sequence, 298
event, 526

allowable, 526
expected value, 544
exponential

complex , 92
exponential polynomials, 246
extend by linearity, 652

false subarachnoid space, 508
fan angle, 430
fan beam coordinates, 428
fan beam scanner, 408
fast Fourier transform, 397
Fejer kernel, 262
Fejer means, 262
Fejer’s theorem, 263
FFT, 397
filter, 160, 305

bandpass, 326
cascade, 323
causal, 325
comb, 341
commuting, 310
high pass, 326
impulse response, 312
input, 305
inverse, 329
isotropic, 347

linear, 307
low pass, 326
lowpass, 292
multiplication, 310
non-linear, 307
output, 305
Ram-Lak, 421
separable, 345
Shepp-Logan, 421
shift invariant, 160
stable, 160
transfer function, 319

filter mask, 362
filtered back-projection, 190, 193
finite difference, 715, 719
finite Fourier transform, 295

n dimensions, 394
finite-dimensional distributions, 608
Fourier coefficients, 228
Fourier series

higher-dimensional, 269
inversion formula, 229, 251
inversion formula in higher dimensions,

270
localization principle, 267
partial sums, 229
partial sums in higher dimensions, 271

Fourier transform
definition �1, 95
definition �n , 137
derivatives, 103
differential equations, 107
functional notation 
, 96
generalized functions, 133
in the affine parameter, 186
inversion formula �1, 95
inversion formula for L2(�1), 113
inversion formula, �n , 138
on L2, 112

fractional derivative
L2, 123
classical, 122

frequency, 92
frequency encoding, 520
frequency space description, 320
Fubini’s theorem, 741
full width half maximum

higher dimensions, 349
full-width κ-maximum, 332
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full-width half-maximum, 176
full-width tenth-maximum, 332
function

L-bandlimited, 278
L1-, 94
P-periodic, 251
rect, 326
absolutely integrable, 94
continuous, 729
differentiable, 730
locally absolutely integrable, 94
locally integrable, 44
nonnegative definite, 612, 613
on �n with k continuous derivatives, 81,

102
Riemann integrable, 733
separable, 345
space limited, 286

fundamental theorem of calculus, 735
FWHM, see full-width half-maximum

Gamma function, 681
Gaussian

focal spot, 371, 454
Fourier transform, 98
normalized, 562

generalized function, 131, 697
n-dimensions, 703

generating function, 551
geometric distortion, 351
geometric series, 726

sum, 647
Gibbs number, 261
Gibbs phenomenon, 256
gradient field, 512
Gram-Schmidt algorithm

finite dimensions, 668
infinite dimensions, 709

Grangeat’s formula, 443
gyromagnetic ration, 511

Hölder continuous function, 122
Hölder’s inequality, 689
Hölder- 1

2 function, 119
half-derivative, 188

L2, 123
function having, 119

half-maximum hypersurface, 349
Hamming filter, 417
Hanning

filter, 417
window, 327

Heaviside function, 313
Heisenberg uncertainty principle, 127
Herman, Gabor, 428
Hermitian

inner product, 52
symmetry, 52

Hilbert transform
as principal value integral, 202
definition, 192

homogeneous equation, 671
Hounsfield units, 54
Hounsfield, Godfrey, 3

identity filter, 313
ill conditioned, 38
ill posed problem, 89
image, 656
imaginary part, 48
impulse response, 312, 344
inconsistent measurements, 488
independent events, 540
independent increments, 615
independent random variables, 553
indicator function, 534
infimum, 645
inner product, 665, 669

L2, 108, 240
�n , 52
� × S1, 198
�n , 7
Hermitian, 52

integers, 640
integrable

absolutely, 94, 735
function on probability space, 536
locally, 94
on �n , 740

integral
Cauchy principal value, 738
definite, 735
improper, 735
indefinite, 735
iterated, 740
Lebesgue, 536
Lebesgue-Stieltjes, 538
linearity of the, 734
principal value, 738
Riemann, 733
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simple function, 534
integral operator, 43
integral test, 727
integration by parts, 102, 735
intermediate value theorem, 730
interpolation

generalized Shannon-Whittaker, 282
polynomial, 712
spline, 713

Jackson’s theorem, 708
Johnson noise, 631
joint distribution, 552

Kaczmarz method, 499
kernel, 656
kernel function, 87, 309

Lagrange interpolation, 712
Lagrange interpolation formula, 712
Lakshminarayanan, A.V., 421, 428
Laplace operator, 183, 199

fractional powers, 199
Laplace’s method, 682
Larmor frequency, 510
Larmor’s theorem, 513
law of large numbers, 566
least squares solution, 497
likelihood function, 598
limit in the mean, 244
limits, 646

complex sequences, 50
for functions, 729
infinite sums, 726
one sided, 729
real sequences, 724
rules for computation, 724

linear
dependence, 8
equation, 32
function, 6
function, �n , 651
independence, 8
subspace, 8

linear combination, 654
linear equations

finite dimensions, 34
linear functional, 693
linear model, 8
linear operator, 43

linear span, 654
linear system

determined, 36
over-determined, 36
underdetermined, 37

linear transformation, 656
image, 33, 656
kernel, 34, 656
null space, 34
range, 33

linearly independent, 655
little o and big O notation, 731
logarithm

complex, 92
natural, 678

magnetic resonance imaging, 509
magnetization

equilibrium , 511
longitudinal component, 512
transverse component, 512

mathematical phantom, 66, 407
matrix, 657

change-of-basis, 659
invertible, 671
measurement, 495
multiplication, 658
nonnegative definite, 613
sparse, 496
upper triangular, 671

matrix transpose, 669
maximum likelihood

algorithm, 601
estimator, 598

mean
of a random variable, 544

mean value theorem, 732
for integrals, 734

measurable
set, 528

measure
Lebesgue-Stieltjes, 538
probability, 530
space, 526
zero, 73

measureable
function, 533

mesh size, 732
method of projections, 499
metric, 663
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modulation transfer function, 319, 344
moiré effect, 361
moment conditions, 210
moments

of a random variable, 547
of Radon transform, 211

MRI, 509
sampling in, 286

MTF, see modulation transfer function
multi-index notation, 140
multiplication

scalar, 650
mutually exclusive events, 528

Naparstek, A., 428
Neumann series, 87
noise

quantization, 299
quantum, 581
what is, 525

noncommutative product, 658
nonlinear partial volume effect, 458
nonmeasurable set, 530
norm, 8, 662

L1, 94
L1([0, 1]), 228
L2, 108
L2([0, 1]), 239
l2, 243
p norm, 662
Euclidean, 662
sup, 662, 686
uniform, 686

normal equations, 497
nuclear magnetic resonance, 510
null space, 656
numbers

binary representation, 641
decimal representation, 640
fixed point, 643
floating point, 644
mathematical, 640

Nyquist
higher-dimensional sampling theorem, 301
noise theorem, 633
rate, 280
sampling theorem, 279
sampling theorem for periodic functions,

297
width, 335

odd function, 114
finite interval, 229

odd sequence, 298
offset frequency, 517
operator norm, 38, 664
oriented hyperplanes, 220
oriented line, 21
orthogonal complement, 241
orthogonal matrix, 672
orthogonal projection, 241
orthogonal vectors, 666
oversampling, 280
overshoot, 256

parallel beam scanner, 408
Parseval formula

Fourier series, 241, 251
Fourier series in higher dimensions, 272
Fourier transform, 109

partition, 732
passband, 292, 326
periodic convolution

sequences, 381
periodic extension

for functions, 235
for functions on �n , 270
for sequences, 381

PET, see positron emission tomography
phantom, 407

Shepp-Logan, 66
phase, 314, 315
phase encoding, 519
phase shift, 320
photon flux, 57
picture element, 361
pixel, 361, 404
point source, 312

two dimensions, 59
point spread function, 312
Poisson summation formula, 286

n-dimensions, 302
dual, 287

polar representation, 49
polynomial

Chebyshev, 711
polynomial approximation

Bernstein polynomials, 708
positron, 594
positron emission tomography, 596
power series, 675
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power spectral density, 110, 144
precession, 510
prior information, 504
probability, 530
probability density, 546
probability measure, 530
probability space, 530
PSF, see point spread function
punctured neighborhood, 729
Pythagoras theorem

infinite-dimensional, 243

QR factorization, 672
quantization, 298

radial function, 71
Radon inversion formula

�2, 188
�n , 221

Radon transform, 69
adjoint, 198
and the Laplace operator, 221
and the wave equation, 222
convolution property, 181
definition in higher dimensions, 220
inverse for radial functions, 80
inversion formula in higher dimensions,

220
natural domain, 70, 183
Parseval formula, 187
radial function, 72

Radon, Johan, 3
Ramachandran, G.N., 421
random process, 606

Bernoulli, 608
continuous parameter, 607
discrete parameter, 607
independent, 608
stationary, 611
weak sense stationary, 611

random variable, 543
Bernoulli, 560
binomial, 560
complex, 543
Gaussian, 547, 562
Poisson, 562

random variables
independent, 558

rank value filtering, 364
rate of decay, 102

ratio test, 727
ray, 409
real computablefunction, 673
real part, 48
reconstruction algorithm, 401
reconstruction grid, 404
rectifier, 307
regularized inverse, 207
relative error, 11, 39, 644
relaxation parameters, 506
relaxation terms, 512
resonance rotation, 512
Riemann sum, 715

left, 733
lower, 733
right, 733
upper, 733

Riemann-Lebesgue lemma, 101
n-variables, 141
Fourier series, 233
Fourier series in higher dimension, 270

Riesz representation theorem
for L p , 693
for l p , 694

root test, 727
rotating reference frame, 513

sample mean, 573
sample path, 607
sample points, 278
sample space, 526
sample spacing, 278, 711
sample variance, 573
sampling, 711
sampling rate, 278
Schwartz class, 131
semi-norm, 131
sequence, 723

bi-infinite, 723
periodic, 295
square summable, 243

series, 726
sets of measure zero, 73

and functions, 94
shadow function, 23
Shepp, Larry, 407
shift

invariant filter, 160, 311
of a function, 160

shift invariant filter
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implementing, 377
side lobes, 174
signal-to-noise ratio, 549
simple function, 534
Simpson’s rule, 717
sinc function, 97

FWHM, 177
sinc pulse, 174
sinc2 pulse, 174
sinogram, 412
SIRT, 507
slice selectivity profile, 404
smoothness principle, 482
spatial frequency, 92

n dimensions, 138
SPECT, 603
spectral density, 612
spectral function, 488
spin warp imaging, 520
spin-echo, 522
splines, 713

natural cubic, 713
square integrable, 687
squeeze lemma, 725
standard basis, 651
standard deviation, 549
state space, 5
state variables, 3
stationary increments, 615

wide sense, 615
step function, 706
Stirling’s formula, 682
strictly convex, 17
strip integral, 452
subsequence, 723
subset of �

bounded, 645
subspace, 8, 654

complex, 50
summation by parts formula, 728
sup norm, 43
support

effective, 291
of a function, 56

support line, 17
supremum, 645

Taylor’s formula, 732
n-dimensions, 140
remainder term, 732

Taylor’s theorem, 732
tempered distributions, 702
tempered growth, 702, 703
Tesla, 511
test function, 118, 697
thermal noise, 631
time average, 532
tomography, 55
transfer function, 319, 344
transpose, 34, 669
trapezoidal rule, 716
triangle inequality, 645
truncation error, 289

undersampling, 280
uniform continuity, 730
uniform sampling, 711
unit impulse, 173, 312
usable bandwidth, 380

variance, 549
vector, 650

addition, 650
notation for, 650

vector space
complete normed, 691
complex, 50
dual, 654, 693
infinite dimensional, 655
normed, 662
real, 653

view
fourth generation machine, 412
parallel beam, 409
third generation fan beam, 411

volcano effect, 462
Volterra operator, 87
voxel, 404

wave equation, 221
wavelength, 92
weak convergence, 695

for generalized functions, 701
of higher dimensional generalized func-

tions, 703
weak derivative, 85, 118, 700

partial, 703
weak limit, 701
Weierstrass approximation theorem, 705
white noise, 625
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Wiener filter, 635
Wiener process, 615
window function, 281

x-ray beam
intensity, 57

zero padding, 387
higher dimensional, 394

zero vector, 42, 653
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