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A current, 349

action potential, 216

anodal break excitation, 222, 299

antagonist, 84

applied current, 134

association reaction, see chemical reaction,
bimolecular association

barnacle muscle fiber, 236
bifurcation
fold, 99, 188
Hopf, 304
limit cycle fold, 310
local versus global, 332
parameter, 98
pitchfork, 102
saddle homoclinic, 323
saddle-node on an invariant circle, 319
subcritical Hopf, 308
subcritical versus supercritical, 104
supercritical Hopf, 307
transcritical, 101
bifurcation diagram
type II oscillations, 303
bifurcation parameter
critical value, 98
binding curve, 70, 72
bistability, 50, 185
bursting
Chay-Keizer model, 331
elliptical, 312, 331
post-inhibitory rebound, 338
fast/slow analysis, 342
rhythmic, 343
fast/slow analysis, 344
slow variable, 328
square-wave, 324, 331
subcritical Hopf-limit cycle fold, 312

calcium
intracellular, 16
calcium-activated potassium current, 328
calcium channel
L-type, 171
capacitative current, 136
characteristic time, 88
Chay-Keizer model, see bursting, Chay-Keizer
model, 331
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chemical flux, 60
chemical potential, 122
chemical reaction, 59
bimolecular association, 65
ECs, 68, 85
equilibrium constant, 64, 67
equilibrium relation, 67
isomerization, 61
order, 60
sequential binding, 69, 70
conductance, 138
conservation of charge, 135
conserved quantity, 62, 67, 74
constitutive relation, 17
battery, 144
capacitor, 145
Nernst-Planck, 154, 160
resistor, 144
current balance equation, 135
units, 146
current-clamp recording, 199, 217
current-voltage relation, 133
hyperpolarization-activated cation current,
177
inward rectifying potassium current, 171
L-type calcium current, 171
qualitative features, 179
regenerative, 180
restorative, 180
subtraction, 181
voltage-gated potassium current, 177

depolarization, 133
detailed balance, 53
driving force, 174

ECs, see chemical reaction, ECs
eigenvalues, 276

saddle, 279

stable node, 279

stable spiral, 282

unstable node, 280

unstable spiral, 282
electrical potential, see membrane potential
electrocardiogram, 90
equilibria, see steady state
excitability

fast/slow analysis, 242
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type I, 319-331
sharp threshold, 320
type I versus type II, 333
type II, 297-304
exponential
relaxation, 18, 64
time constant, 64
extensive versus intensive quantities, 25

Fitzhugh-Nagumo model, 297
fixed point, see steady state
function

biphasic, 83

Gaussian, 83

Hill, see Hill function

hyperbolic, 82

qualitative similarity, 84

rational, 91

scaling, 82

shifting, 82

versus relation, 81

gap junctional coupling, 353
gating variable, 205
differential equations, 211
global balance, 53
Goldman-Hodgkin-Katz
current equation, 154-161
limiting conductance, 157
physical dimensions, 155
rectification, 157
voltage equation, 125

Hill function, 72, 84
Hodgkin-Huxley model, 216, 219
oscillations, 224
repetitive spiking, 224
hyperpolarization, 133
hyperpolarization-activated cation current, 177

initial value, 17
injected current, see applied current
intensive quantities, see extensive versus
intensive
interval notation, 85
ionic channel, 117
ionic concentration, 119
ionic current, 138
current-voltage relation, see current-voltage
relation
inward versus outward, 132, 134
regenerative, 185
reversal potential, see reversal potential
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ionic membrane current
constitutive relation, 137

Kirchoff’s current law, 135

leakage current, 138
ligand binding, 65
limit cycle, 308
linear systems, 275
straight line solutions, 286
logistic equation, 57
low-threshold calcium current, 340
low-threshold calcium spike, 346

mass action kinetics, 59
material balance equation, 16
membrane bistability, 188

bifurcation diagram, 190

conductance, 195

exponential time constant, 196

linearization, 195

mediated by Ic,,,, 185

mediated by Ixj;, 191
membrane excitability, 221
membrane potential, 115, 132
membrane voltage

see membrane potential, 132
model

compartmental, 15-22

intracellular calcium, 42

minimal, 8

toy, 8

two compartment, 32, 56
Morris-Lecar model, 235-248

excitability, 241

nullclines, 240

phase plane, 238, 239

Nernst equilibrium potential, 115
approximate values, 121
calculating, 121

neurotransmitter, 65

ODE, see ordinary differential equation
Ohm’s law, 137
ordinary differential equation
autonomous, 45, 54
classification, 54
first-order, 54
homogenous, 54
linear, 54, 55
nonlinear, 45
scalar, 55
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ordinary differential equation (cont.)

second-order, 54

single-parameter family, 98

superposition property, 55

two-dimensional, 255
oscillations, 299

fast/slow analysis, 244

frequency, 90

period, 90

parameter
scale, 83
passive membrane
equivalent circuit, 143
exponential time constant, 140
multiple currents, 142
steady state voltage, 140
permeation block, 171
phase diagram, 42-51
isomerization, 63
passive membrane, 139
phase line, 99
phase plane
direction field, 255
nullclines, 256
phase plane analysis, 252-265
oscillations, 244
synaptic coupling, 357
physical dimensions, 15
fundamental, 26
potassium current
inward rectifying, 171
potential energy, 126

rate constant
order, 61
reaction, see chemical reaction
receptor
ionotropic, 86
metabotropic, 86
postsynaptic, 65

receptor model, 65
sequential binding, 69, 70
reversal potential, 138

saddle
stable and unstable manifold, 321
separation of variables, 24, 56
squid giant axon, 216
stability
asymptotic, 51
Lyaponov, 45, 51
stability analysis, see steady state, classification
steady state, 43
classification, 47, 49
multiple, see bistability
semistable, 49
stoichiometric coefficient, 60
straight line solutions, 286
summation, 31
superposition, see ordinary differential equation,
superposition property
synapses
chemical, 356
electrical, 353
escape versus release, 360
plasticity, 364
slow, 364
synchrony, 355, 362

T current, 338-346
trace-determinant plane, 277

uncompensated charge, 124

voltage-clamp recording, 199-210, 218
delayed rectifying potassium current, 202
persistent currents, 203
tail current, 211

voltage-gated currents, 171

voltage-gated potassium current, 177

voltage-gated sodium current, 220
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