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acetylcholine (Ach), 200
receptor interaction, 202
release, 200
containing vesicles, 202
depolarization, 202

Ach, 200

Ach-receptor interaction, 457

activation energy, 450

activity, 17
conductivity and ion, 30
EMF and ion, 30
of ions, 17

admittance, 401

Adrian, 225

affinity electron, 6

aliasing, 375

aliphatic chains, 72

ammeters, 397

amino acids, 213

amphiphilic molecules, 71

Amphotericin B, 82

analysis fluctuation, 204

angiotensin II, 213

angle, 307

anions, 22

anode, 22

Argand diagram, 265

aspartate, 213

ATP, 88

autocorrelation, 380
function, 382

autocovariange, 386
of channel current, 254

average
ensemble, 377
of a periodic function, 356
statistical, 336

axon at rest, 179

barometric formula, 425

barrier porous, 6
bibliography, 469
bilayer, 73

undoped lipid, 122

binomial distribution, 340, 343

mean of, 342
binomial expansion, 273
biogenic amines, 213
BLMs, 75
Boltzmann’s constant, 261
Boltzmann’s factor, 425
bombesin, 213
bond

covalent, 5

ionic, 5
Boyd, 229
bradykinin, 213
bridge salt, 13, 50

cable equation, 417, 421
calcium

and synaptic transmission, 198

and synaptic vesicles, 201

capacitance, 393
membrane, 108, 438
per unit length, 175

carnosin, 213

cartesian coordinates, 265

cathode, 22

cations, 22

CGS system, 260

chain rule, 291

channel(s), 134
Ach-gated, 204

conductance at end plate, 251

ohmic potassium, 143
ohmic sodium, 156
potassium, 134
selectivity, 167
sodium, 155
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channel(s) (continued) conductance (continued)
voltage dependent, 85, 117 sodium, 145
charge specific, 392
electronic, 261 transient (synapse), 221
movements inside membranes, 138 unit, 164, 204
separation across a membrane, 108 voltage dependent, 85
total ionic, in a cell, 110 conductivity, 20
cholecystokinin, 213 conjugate complex, 267
cholesterol, 71 constant, 270
circuit Boltzmann’s, 261, 442
analysis, 400 dielectric, 391, 435, 436
equivalent, 44, 47, 100, 120 Faraday’s, 261
equivalent (axon), 172 field assumptions, 53, 55
equivalent (synapse), 204 field equation, 60, 61, 66
fundamental, equations, 390 field I/V curve, 57
lumped and non-lumped, 48 field rectification, 57
membrane equivalent, 107, 99 integration, 303
RC, 350 membrane time, 183
clamp molar gas, 261
current, 119 of integration, 302
voltage, 119 permeability, 37
coefficient, 270 rate, 449
activity, 29 space, 180, 181
dielectric, 5 time, 180, 276
differential, 294 convention current sign, 121
diffusion, 32, 35 cosecant, 311
partition, 54, 56 cosine, 309
complex derivative of, 317
exponential, 361 of the sum, 314
impedance, 400 cotangent, 311
conceptual random experiment, 333 Coulomb’s law, 435
condition(s) coulomb (C}), 391
boundary, 39 coulombic attraction, 5
initial, 39 curare, 200
conductance, 248 current (I), 391
and mobility of ions, 26 capacitative, 110, 111, 130
and permeability, 82 clamp, 420, 461
at infinite dilution, 27 density of, 23, 24
blocking, 128 diffusional, 44
changes in excitation, 125 displacement, 138
changes in receptor, 224 distribution, 168
chord, 63, 66, 106 end plate, 203, 221, 249
fluctuations, 84 flow (synapse), 214
in parallel, 394 injection, 184
in series, 395 ionic, 22
ionic, 24, 35 leakage, 132
leakage, 157 noise, 249
linear (ohmic), 57 per unit length, 171
maximum potassium, 135 removal of capacitative, 114, 130
measurement of ionic, 28 sodium, 145
molar, 21, 22 step, 110
non-linear, 57 curve I/V, 18, 128
of a solution, 20 instantaneous, 144
of end plate channel, 251 linear, 18
per unit length, 175 non-linear, 18
pore, 83 cycles per second, 354
postsynaptic changes, 203
potassium, 133, 134 De Moivre’s theorem, 361
slope, 63, 64, 65, 106 Debye, 29
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Debye length, 434 encephalins, 213
degree (trigonometry), 308 energy, 467
delta function, 247 activation, 167, 450
density free, 440, 445
current, 44 potential, 467
flux, 44 ensemble, 377
depolarization average, 379
postsynaptic, 199 variance, 377, 379
presynaptic, 199 enthalpy, 447
depolarizing blockers, 201 entropy, 441
derivative, 287 properties of, 445
of a constant, 287 epc, 221
of a power of x, 288 EPP, 196
of a product, 290 EPPs, 199
of a quotient, 292 EPSPs, 213, 214
of a sum, 289 equation
of ax, 289 cable, 180, 181
of an implicit function, 293 derivation of cable, 178
of an inverse function, 286 derivation of wave, 189
of In(x), 286 differential, 350
differential, 297 dimensional, 262
differential equations, 399 Einstein, 34
differentiation flux, 32
partial, 402 Goldman, 51
rules of, 285 Goldman-Hodgkin-Katz, 55, 58, 62, 99
diffusion, 31 Nernst, 14, 17
across a slab, 35 Nermst—Planck, 34, 43, 51, 53, 100
coefficient, 32 one-dimensional wave, 191
Fick’s first law of, 31 Poisson, 16
in free solution, 31 solution of cable, 417
of electrolytes, 43 solution of wave, 192
of non-electrolytes, 31 equilibrium, 8, 441
over synaptic cleft, 202 electrode/solution, 7
speed of, 39 error function, 347
times, 42 event
within a membrane, 51 certain, 339
digital data processing, 368 compound, 334
dimensions, 259 impossible, 339
dissociation, 22 simple, 334
distributed model of an axon, 192 expected value, 336
distribution
amplitude of EPPs, 198 factor, Boltzmann, 7
passive, 94 factorial, 271
Poisson, 198 Faraday’s constant, 261
divergence, 402, 405 Fick, 31
domain time, 365 second law of, 36
dopamine, 213 solution of second law of, 39
downhill transport, 88 field
drag, 88 electrical, 24, 25, 31
strength, 435
effect sieve, 82 fluctuation analysis, 204
Einstein equation, 34 flux
electrode, 6 coupling, 88
silver/silver chloride, 14 density, 32
copper, 10 force
hydrogen, 11 driving, 26, 32
standard reference, 11 electrical, 25
zing, 10 frictional, 25
electrolyte, 20 per mole, 33
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Fourier, 354 inhibitors, 126
Fourier expansion, 354 insulin, 213
Fourier integral, 365, 367 integral, 298
frequency, 333 computation of definite, 304
coding in receptors, 224 definite, 299
domain, 365 indefinite, 300
factor, 449 of a constant, 300
Frey and Edidin’s experiment, 76 of the sum, 302
function, 269, 355 of x, 300
argument of a, 277 integration
autocorrelation, 380 by parts, 305
average value of a, 320 by recurrence, 329
cumulative distribution, 338, 347 by substitution, 306
delta, 219, 371 of differential equations, 350, 353
discontinuous, 284 interphase metal/solution, 7
exponential, 276 ion(s)
integrating, 212 activity of, 17, 29
inverse, 278, 286 flux densities of, 22
probability distribution, 338 formation of, 5
pulse, 366 independent migration of, 27
sampling, 371 mobile, 6
transcendental, 277 mobility of, 25
fundamental rule of calculus, 299, 300 movement, 18
substitutions, 126
gama-aminobutyric acid (GABA), 213 velocities of, 22, 24
Gauss’s theorem, 408 ionophores, 81
glucagon, 213 IPSPs, 213, 214
glutamate, 213 isothionate, 128
glycine, 213
Goldman equation, 51 Joule (J), 391
Goldman-Hodgkin—-Katz equation, 55, 58, junction
62, 99 gap, 225
Gorter and Grandel’s experiment, 73 potential, 451
gradient, 402
concentration, 15, 31, 32 Katz, 54, 201, 235, 236, 240
electrical potential, 25 Kirchhoff, laws of, 45, 103, 207
local chemical potential, 33 Kohlraush, 27

local electrical, 26

Langmuir trough, 73

harmonic analysis, 375 law of mass action, 134

head groups, phosphate-containing, 71

¢ I Lee, 379, 386

histamine, 213 limit, 284

Hodgkin, 54, 127, 210 imid,

ookl e 138 lipid, 71
odgkin cycle, bilayers, 76

Hodgkin-Huxley model, 136

Huckel, 29

Huxley, 127

hydrophobic, 71

hypothalamic releasing hormones, 213
Hz, 354

bilayers cholesterol in, 77
bilayers flip-flopping in, 77
bilayers fluidity of, 76
bilayers permeability of, 76, 80
hiposomes, 73, 75
literal quantities, 268
local flux, 43
local gradient, 43
logarithm, 279

inactivation, sodium, 147, 148, 150
independence of membrane conductances,

126 .
indetermination, 284 decimal, 280
inhibition
competitive, 201, 455 m, voltage and time-dependence of, 152
of Ach release, 201 magnetic permeability, 437
postsynaptic, 201 Martin, 227
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membrane
conductance, 103
resistance, 103
MEPP, 197
MEPPs amplitude, 234
micelles, 73
microelectrode, 119
microsomes, 73
Miledi, 235, 236, 240
MKS system, 259
mobility, 33
and conductance of ions, 26
at infinite dilution, 27
concentration and ion, 28
model
cable (synapse), 205
Hodgkin—Huxley, 136
lumped (synapse), 206
of quantal release, 232
of sodium channel, 154
of synaptic transmission, 217, 218
partition diffusion, 78
modulus of complex numbers, 267
molal solution, 260
mole, 260
monolayers, 72
Mullins and Noda, 97

Na-glucose co-transport, 71
Na/Ca exchange, 71
natural membranes, 87
carriers in, 87
pores in, 87
Nernst—Planck equation, 14, 17, 34, 43, 51,
53, 100
Nernst potential, 204
neuroactive peptides, 213
of gut and brain, 213
neuromuscular junction, 195
neurotensin, 213
neutral exchange, 82
noise, 163
Ach voltage, 236
analysis, 239, 243
current at end plate, 249
measurement of synaptic, 236
membrane, 84, 163, 227
postsynaptic membrane, 235, 239
reduction, 238
synaptic, 240, 257
non-infinite cables, 183
norepinephrine, 213
normal distribution, 234, 346
mean of, distribution, 347
variance of, distribution, 348
number ¢, 273
numbers, 259
complex, 264
integers, 263

numbers {continued)
irrational, 263
rational, 263
real, 263
Nystatin, 82

Ohm’s law, 207, 392
orthogonal relationships, 322
orthogonality, 357

osmotic pressure, 88
ouabain, 98

oxytocin, 213

partial fractions, 348
particle
inactive, 136
active, 136
Pascal’s triangle, 273, 342
patch-clamp, 163
period, 313
periodicity, 313
permeability, 55
conductance and, 82
measurement of, 458
membrane, 55, 68
of lipid bilayers, 80, 78
permittivity, 391
phase transitions, 73
and temperature, 75
phospholipid, 71
aggregation, 72
physical constants, 261
pituitary peptides, 213
plasmalogens, 71
point voltage clamp, 186
Poisson distribution, 198, 235, 344, 345
Poisson’s equation, 16, 410, 431
Poisson-Boltzmann’s equation, 434
polar coordinates, 265
polynomials, 270, 323
pore, 83
conductance, 83
diameter, 165
formation (kinetics of), 83
selectivity, 84
potential, 8, 9
biological, 12
chemical, 8
definition of chemical, 448
difference (V), 391
diffusion, 15, 49
due to Na/K pump, 95
electrical, 9
electrochemical, 9
electrode, 11
end plate (EPP), 196, 210
equilibrium, 17, 99
generation of action, 158
generator, 223
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potential {continued)
graded, 223
junction, 10, 50, 451
local action, 117
membrane, 94, 95
membrane action, 160
membrane equilibrium, 105
miniature end plate (MEPP), 197
Nernst, 204
non-propagated, 223
open circuit, 107
postsynaptic reversal, 204
potassium equilibrium, 144
propagated action, 117, 189, 192
receptor, 223
resting membrane, 62
standard electrochemical, 9
standard electrode, 11
stationary, 223
transients, 120
pressure, osmotic, 88
principle independence, 61, 67
probability, 333
addition, 334
conditional, 335
multiplication, 335
profile of concentration, 31
proteins, 71
pump, 88
electrogenicity, 98
Na/K, 92
operation, 89
stoichiometry, 97

quantal release, 227
quantities, 259

radian, 309, 354
radians per second, 354
random walk, 40
rate constants, voltage dependence of, 141,
157
receptor
phasic, 224
sensory, 223
tonic, 224
transmitter, 215
rectification
anomalous, 57
constant field, 57, 58, 59
delayed, 128
resistance
input, 182
per unit length, 175
specific, 392
slope, 45
in parallel, 394
in series, 395
resistivity, 20, 101

483

Runge—Kutta, 162

saltatory conduction, 194
sampling frequency, 369
sampling theorem, 375
secant, 311
series, 271
coefficients of, Fourier, 355
expansion, 277
exponential, Fourier, 360
Fourier, 354
Taylor, 323
power, 271
serotonin, 213
Shannon’s theorem, 369
sign conventions for currents, 57
signal
averaging, 238
non-periodic, 376
non-stationary, 376
stationary, 376
time average of, 236
variance of a, 236
sine, 309, 312
derivative of, 316
of the sum, 314
sinusoid, parameters of a, 355
sodium pumping and membrane potential,

source

current, 396

voltage, 396
space clamping, 185
spectral density, 368
spectrum

power, 359, 383

power density, 257, 383, 384
standard deviation, 339

error of the mean, 339
steady state, 37
Stirling’s formula, 324
substance P, 213
succinylcholine, 201
sulphate, 128
summation

spatial, 211

temporal, 212
surface pressure, 73
symbols, 261
sympathetic ganglia, 214
synapse, 195

electrical, 224
synaptic delay, 200, 202
synaptic potential, 195
synaptic vesicles, 201

Takeuchi, 203, 221
tangent, 311
Taylor series, 323
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temperature, absolute, 261
tetraethylammonium (TEA), 127, 199, 204
tetrodotoxin (TTX), 127, 199, 204
thermal reservoir, 442
thermodynamics

first law of, 440

second law of, 445

third law of, 444
thought experiment, 333
time constant of a membrane, 112
transducer biological, 224
transfer number, 28
transform, Laplace, 219, 220, 386, 387, 388,

389, 390

transient conditions, 35

solution, 36
transitions in membrane particles, 141
transmitter, 213

receptor complex, 243

receptor interaction, 214

depolarizing, 213

hyperpolarizing, 213
transport

downhill, 88

number, 28, 108

transport (continued)
uphill, 70, 87
trigonometric function, 307

units, 259
universe of an event, 441
uphill transport, 70, 87

Valinomycin, 81
variables, 270
variance, 338
ensemble, 379
time, 379
vasoactive intestinal peptide (VIP), 213
vasopressin, 213
velocity conduction, 194
voltage clamp, 114, 131, 187, 188, 418, 464
double pulse, 148
of postsynaptic membrane, 203
voltage distribution, 168
voltage transients, 130
voltmeters, 397

Walli’s formula, 329
work, 467
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