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Ampère’s circuital law, 36

action potential, 1, 11, 41, 158, 228, 234

back-propagating, 174

in Hay model, 2

in Hodgkin-Huxley model, 48

in simplified models, 75

active conductance, see ion channel

active dendrites, see dendritic ion channels

advective current, 27

afterhyperpolarization, 161, 234

afterhyperpolarizing potassium channels, 234

Allen Cell Type Database, 74

alpha-function, 51

Ampère-Laplace’s law, 277, 338

AMPA synapse, 50

amplitude spectrum, 161, 331

Arbor simulation software, 132

ATP, 65

autocorrelation, 330

averaging kernel for coarse-graining, 87

axial current, 53, 131

matrix formalism, 135

axon initial segment, 173

axonal spike, 175

back-propagating action potential, 174

ball-and-stick model, 60, 148, 162, 164, 170

beta-function, 51

bi-domain model, 34, 88

biophysically detailed cell model, 57, see also MC

model

black-box model, 142, 146

Blue Brain Project, 74, 240

blunting with distance

of LFP, 191

of spike, 163

boundary element method, 246

Brownian motion, 19

Brunel model, 240

cable equation, 58, 58–64

steady-state solution, 59

calcium channels, 48, 70, 235

calcium dynamics, 70

calcium “hot” zone, 235

calcium imaging, 71

calcium spike, 228, 235

calcium-activated ion channel, 70

capacitance, 25

specific, 25

capacitive current, 21, 24, 112, see also

displacement current

in neural membrane, 44, 170

capacitive medium, see dielectric medium

capacitive properties of tissue, 112

cerebrospinal fluid, 66

channel filtering, 222

charge, 12

charge conservation, 13, 36

charge relaxation, 17, 118, 294

in extracellular fluid, 119

in neural tissue, 120

charge-separation process, 291

chemical synapse, see synapse

closed-field configuration, 193

coarse-graining, 19–20, 87

coherence, 224, 334

frequency dependence of, 224

compound EEG, 253

compound LFP, 195, 201

conductance, see also ion channel

of ion channel, 46

conductance-based synapse, see synapse

conductive current, 22

conductivity, 23

anisotropic, 123, 244

of brain tissue, 40, 80, 91, 110, 280

complex, 115

of cortical tissue, 158

of extracellular fluid, 105

of extracellular medium, 88, 91, 107

frequency dependence of, 112, 244

inhomogeneous, 124, 244, 245

local changes, 280

values in four-sphere head model, 245

conductor, 22

constant-concentration approximation, 64
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constitutive relations, 37

continuous medium, 20, 23, 79, 105, 108

convolution theorem, 333

correlation, 330

effects on LFP, 202–213, 222

correlation coefficient, 196, 330

for dipoles, 253

for shared-input correlations, 223

for single-neuron LFP contributions, 208, 210

cortical geometry, 251

cortical-surface effects on measurements, 127

covariance, 329

cross power-spectral density, 334

cross-correlation, 330

current conservation, 21, 29, 30, 36, 41, 62, 276

in capacitor, 25

current density, 23

current dipole, see dipole

current monopole, 92

current sink, 41

current source, 41

current types that exist, 22

current-based synapse, see synapse

current-source density, 30, 90, 83–91, 138, 187, 190,

279, 306

cut-off distance, 198, 200, 206

frequency dependence of, 224

cut-off frequency, 332

in LFP recordings, 188, 239, 298

for spike recordings, 161

d3/2-rule, 61

DC electrode, 301

DC potential, 238, see also slow potentials

Debye layer, 28

Debye shielding, 17

deep brain stimulation, 102, 188

dendritic ion channels, 174, 231, 235

dendritic stick, 62, see also ball-and-stick model

dielectric medium, 24

diffusion constant, 26, 108, 291

effective, 66, 108, 306

table values, 107

diffusion potential, 239, 290, 307

contribution to LFP, 298–305

diffusive current, 26

dipolar pattern in LFP, 192, 216, 228

dipole approximation, 91, 168, 198, 203, 259, 283,

287, 322

dipole correlations, 251

dipole from resting neuron, 238

dipole moment, 92, 140, 243, 259, 322

from high-level simulations, 268

matrix formulation, 139

Dirac delta-pulse, 161

disk-electrode approximation, 100, 138, 274

dispersion, 120

displacement current, 36, 38, 115, see also

capacitive current

distributed mechanisms, 43, 50, 53

domain models, 34

drift current, 24, 27

drift velocity, 24

dumbbell patterns, 228

ECoG, 101, 270–275

EEG, 241–269

EEG forward model, 140, 146, 242

Einstein relation, 26

electric brain stimulation, 102, 315

electric charge, see charge

electric current, see current

electric field, 14, 35, 276

electric mobility, see mobility

electric potential, 15, see also most pages of this

book

electrode, 184

effect on ECoG, 274

effect on spike, 178

models of, 97–102

polarization of, 98, 103, 121

electrode model, 98

electrodiffusion, 26, 71, 293, 306, 341

modeling scheme, 33

electroneutral framework, 294

electroneutrality, 17, 21, 300

electrostatic approximation, 38

electrotonic distance, 61

elementary charge, 13

EMI framework, 33

ephaptic effects, 32, 312

equivalent cylinder, 60

equivalent dipole, 243

extracellular fluid, 105

extracellular medium, 107

extracellular spike, see spike

extracellular volume current, 88

extracellular volume fraction, 108

far-field limit, 169, 198, 217

Fick’s law, 26

filter mechanisms affecting LFP, 215

finite element method, 101, 247, 275

firing-rate filtering, 221

firing-rate function, 181

flux density, 19, 26

fMRI, 2

forward modeling, 5

four-sphere head model, 245, 251, 271

Fourier amplitude, 161, 167, 182, 218, see also

amplitude spectrum

Fourier decomposition, 167

Fourier transform, 332
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frequency content

of action potential, 167

of diffusion potential, 304

of LFP, 188, 215–228, 304

of spikes, 161–169

of synaptic current, 217

frequency-resolved model, 223

GABA synapse, 50

gap junction, 52

gating current, 49

gating variables, 47

Gauss’s law

for electricity, 35

for magnetism, 36

glial cell, 78, 188

glial membrane potential, 238, 239

Goldman equation, see Goldman-Hodgkin-Katz

equation

Goldman-Hodgkin-Katz equation

for current, 67

for voltage, 68, 297

Green’s function, 85

gyrus, 244

Hay model, 9, 58

head model, 243, 244, 281

comparison for EEG predictions, 251

detailed, 245, 282

infinite homogeneous, 245, 281, 284

spherically symmetric, 245, 281, 284

Heaviside function, 51

Henderson equation, 297

high-pass filter, 160, 332

hippocampal LFPs, 240

Hodgkin-Huxley formalism, 43–50

Hodgkin-Huxley model, 4, 48

homeostatic machinery, 65, 69, 289, 292

hybrid scheme, 144, 146, 240

Ih current, 231, 233

impressed current, 278, 279

impulse response, 85

inductive current, 27

input correlation coefficient, 223

insulator, see dielectric medium

interpretive modeling, 4

interstitial fluid, see extracellular fluid

intrinsic dendritic filtering, 61

effect on EEG, 262

effect on LFP, 191, 215, 219

effect on spike shape, 163, 168

intrinsic optical signal imaging, 1

inverse modeling, 5, 241, 279

inverse problem, see inverse modeling

ion channel, 46–50

conductance, 47

ligand activated, 48

ion concentration dynamics, 71, 293

ion concentrations

in extracellular space, 300–303

table values, 65

ion-conserving models, 69

ionic reversal potential, see reversal potential

kernel method, 144, 151

for EEG, 265

for LFP, 215

Kirchhoff-Nernst-Planck framework, 342

Kramer-Kronig relations, 117, 122

laminar LFP, 236, 262

lead conductance, 68

lead-field matrix, 244, 247

leak conductance, 45

leakage current, 45, 68

length constant

DC version, 59, 62

frequency dependent, 62, 169, 216, 317

LFP, 187, 187–240

LFP motifs, 194

LFP template, 195

line-source approximation, 81, 138

linearized models, 147, 150, 151, 153, 229

liquid-junction potential, 292

local field potential, see LFP

Lorenz force, 39

low-pass filter, 331

low-voltage activated calcium current, 233

M-type potassium current, 233

magnetic brain stimulation, 103, 315

magnetic field, 35, 276, see also MEG

inside brain, 139, 286

magnetic permeability, 36, 139, 276

magnetostatic approximation, 38

Markov model of ion channel, 49

Maxwell’s equations, 35

Maxwell-Faraday equation, 36

MC model, 31, 41, 53, 57, 130

minimally sufficient, 267

passive, 56

MC+ED scheme, 33, 305, 341

MC+VC scheme, 6, 12, 31, 78, 129, 305

applicability of, 310

mean field models, see neural mass models

mean value, 329

mechanistic modeling, 4

MEG, 276, 276–286

MEG forward model, 146

membrane current, 43, 53, 135

matrix formalism, 136

membrane thickness, 119

membrane time constant, see time constant

method of images, 126, 271

micro-electrode arrays, 179
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minimally sufficient biophysical models, 267

mobility, 26

monopole, 92

multi-dipole approximation, 96, 259, 274

multi-unit activity, 184

multicompartment model of neuron, see MC model

multielectrodes, 184

multipole expansion, 92, 319

Na+/K+-pump, 65, 69, 289, 292

near-field limit, 168

Nernst potential, 66, see also reversal potential

Nernst-Planck equation

for ion conservation, 293

for ion flux, 26, 66, 293

network LFPs, 239

network model, 72, 142

with MC neurons, 72, 141, 144

with point neurons, 74, 146, 147

neural avalanches, 218

neural hyperactivity, 301, 303

neural morphology

effect on LFP, 192

effect on spikes, 172

neural-field models, 77, 268

neural-mass models, 77, 268

NEURON simulation environment, 130, 132

New York head model, 247, 248, 251

NMDA spike, 228, 237

NMDA synapse, 50

normative modeling, 4

Ohm’s law, 22

for volume conductor, 23, 79

open-field configuration, 193

parallel plate capacitor, see capacitor

Parseval’s theorem, 333

particle conservation, 293

passive conductance, see leak conductance

passive-frozen linearized model, 150, 233

Pearson correlation coefficient, see correlation

coefficient

permeability, 67

persistent sodium current, 233

phase, 115, 116, 122, 156, 317

point processes, 43, 50, 53

point-electrode approximation, 98

point-model of neuron, 41, 74, 142

point-source approximation, 80

matrix formulation, 137

Poisson distribution, 196

Poisson-Nernst-Planck framework, 294

Poissonian spike sequence, 197

population firing rate, 185

population LFP, 201

population models, 76, 142, 202

population rate models, see rate models

porous medium, 107

positron emission tomography, 2

post-stimulus time histograms, 186

potassium buffering, 238, 301

potassium peak, 159

Potjans-Diesmann model, 147, 210, 240

power law, 218

power-spectral density, 218, 331, 333

of LFP, 195

primary current, 279

proxies, 153

for EEG signal, 267

for LFP, 240

for spike shape, 171

quasi-active linearized model, 150, 229, 233

quasi-ohmic approximation, 49, 68

quasi-static approximations, 37

quasi-steady state, 291

rate models, 76, 142

RC neuron, 45

reciprocity principle, 247

rectification approach, 185

recurrent network, 72, 76, 141

regenerative conductance, 233

resistivity, 23

resting membrane potential, 46, 69

restorative conductance, 233

reversal potential, 46, 67

for compound current, 68

for ion-specific current, 66

for leakage current, 45, 68

for synapse, 50

scalar expression, 13

scalar field, 15

shape function, 200

for dipole, 256

frequency dependence, 224

for single neuron, 200

shared-input correlations, 195, 208

single-compartment model, see point-model of

neuron

single-synapse LFP, 189

slice recordings, 128, 179

slow potentials, 237, 301

sodium peak, 159

sodium spike, see spike

source localization, 241, 262, 280

spatial decay of LFP, 202, 210

spatial reach of LFP, 202

spatial smearing of EEG, 248, 262

spike, 1, 158, 158–186

approximate formulas, 167–169

from ball-and-stick model, 164

from Hay model, 163
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from two-compartment model, 164

spike afterhyperpolarization, 234

spike amplitude, 159, 169–171, 173

spike contributions to LFP, 234

spike detection/measurement, 158, 160, 161

spike shape, 159–161, 165–171, 177

spike sorting, 160, 161, 184

spike train, 3, 74, 142, 160, 195, 205, 208, 220

spike-density function, see firing-rate function

spike-signal impulse response functions, 151

spike-train auto-correlations, 195

spiking neuron models, 3, 75

spreading depression, 301, 303

SQUID detectors, 276

standard deviation, 329

of LFP, 196, 205

stationary dipole, 238

statistical modeling, 4

subject-specific head model, 246

subthreshold active ion channel, 229

effects on LFP, 231

subthreshold dynamics, 45

sulcus, 244

suprathreshold active ion channel, 234

synapse, 50–52

conductance-based, 50

current-based, 51, 147, 215, 222

gap-junction, 52

synaptic filtering, 220

synaptic LFP, 188, 238

table of physical constants and symbols, xx

temporal kernel for synapse, 50, 147, 155, 221

three-sphere head model, 245

time constant

effective, 150

for calcium decay, 71

for charge relaxation, 118

of diffusion potential, 302

for ion channel activation, 47

for ion concentration dynamics, 299

of neural membrane, 59, 119

for synapse, 51

tissue current, 28, 111

capacitive, 112

intracellular pathways, 111

tortuosity, 20, 107, 108

transcranial magnetic stimulation, see magnetic

brain stimulation

transmembrane current, see membrane current

Traub model, 239

tri-domain model, 34

trial-averaged firing rate, 186

two-compartment model, 42, 57

two-photon calcium imaging, 2

two-sphere head model, 245

unit vector, 14

unitary LFP, 213, 239

valency, 26

variance, 329

of LFP, 196

relationship to power spectrum, 197

vector field, 15

vector notation, 13

voltage-sensitive dye imaging, 1

volume conductor, 23, 79

volume current, see tissue current

volume-conductor theory, 31, 79

Warburg impedance, 121
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