
Subject Index 

Abelian group 183 
absolute maximum 26 
absolute reaction-rate theory 102 
absolute values in polar coordinates 

cosine function 15 
sine function 15 

absolutely convergent series 35n 
absorption of light 11, 304 
accidental degeneracy 128 
adjoint matrices 158 
algebra 

matrix 154 
operator 149-151 

aliasing 279 
alternating series 36 
ammonia maser 102 
ammonia molecule 191 -194, 199, 202, 

236-237 
amplitude of forced oscillations 96 
angular momenta 142, 147, 221-222 
anharmonic oscillator 293-296 
anisotropic solid 80 
antisymmetric matrices 162 
Arabic numerals 1 
areal vector 69 
arrangements 246-247 
associated Laguerre polynomials 

111-112, 360 
associated Legendre polynomials 

107-111, 135 
associative law 

convolution 273 
group multiplication 185 
group theory 182 
operators 149 
vector multiplication 70 

asymmetric rotators 220 

atomic orbitals 
hybridization 207-209 
illustrations 355-359 
linear combinations (LCAO) 

312-316 
atomic units 352 
Avogadro's constant 353 
axes principal 218-220 
azimuthal quantum number 109 

B 

bandshape 55, 276-277 
base of a logarithm 7 
Basis coordinates 195 
benzene molecule 187-188 

Htickel approximation 320-321 
Bernoulli trials 251, 326 
Bessel functions 113-114, 147 
Bessel's equation 146 
binary algebra 337n 
binary collisions 142-147 

characteristics 147 (table) 
conservation of angular momentum 

142 
conservation of energy 143 
deBroglie wave 147 
deflection angle 145-146 
dispersion forces 144 
interaction potential 143-145 
Lennard-Jones functions 144 
London forces 144 
phase shift 146-147 
quantum mechanical description 

146-147 
repulsive forces 144 
transport properties 146 
virial coefficients 146 

binomial coefficient 34, 247 
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binomial expansion 34-35 
bisection method 346-347 
Bohr orbit 141,360 
Bohr radius 141, 353 
Boltzmann constant 59, 256, 353 
Boolean algebra 337n 
Bom-Oppenheimer approximation 135, 

287-290 
boron trifluoride 187, 199 
Bose-Einstein statistics 265-267 
boundary conditions 12, 54, 121-122 
"boxcar" function 274 
Boyle's law 4 
Bravais lattice 211 
Brillouin zone 72 
butadiene molecule, Hiickel 

approximation 318-320 

Cauchy function 276 
Cauchy's ratio test 35-36 
central forces 107, 132-135 

spherical harmonics 134-135 
spherical polar coordinates 132-133 

chain rule 37, 57, 160 
character 153, 195, 197 

orthogonality 197, 204 
tables 198-200 
tables for point groups 373-383 

characteristic values 122 
characteristic-value problem 152 
Chebyshev polynomials 116 
chemical bond 227 
chemical kinetics 47-49 
chemical reaction rates 100-102 
circle in the complex plane 13 
circular functions 17 
classes 

crystal 209-210 
group elements 185-187, 195 

classical harmonic oscillator 89-91, 
282 

classical mechanics 
two-body problem 129 -130 

cofactor 157 
combination law 184 
combinations 247-248 
combining Hmits 21-22 

commutative law 
convolution 273 
group multiplication 185 
matrix multiplication 154 
operators 149 
"right-hand rule" 68-69 
scalar product 66 
vector multiplication 68 

commutator 150 
complex conjugates 12 
complex numbers 12-13 

circle in the complex plane 13 
complex conjugates 12 
complex plane 13 
conjugate pairs 13 
conjugates 12 
cyclic group 12 
Euler's equation 13 
quadratic equations 13 

complex plane 13 
congruent matrices 154 
conjugates 12 
conservative system 81 
constants of integration 43, 49, 89, 124 
continuity 21-22, 78 
continuous functions 21 
convergence 

rate of 36 
region of 36 
series, tests for 35-36 

convolution 272-273, 283-284 
Coriolis interaction 217 
cosecant 16 
cosine function 

absolute values in polar coordinates 
15 

fundamental definition (series) 14 
plots 15 

cotangent 16 
Coulomb's law 139 
coupled oscillators 164, 166-170 
Cramer's rule 163, 165, 168, 228 
critically damped system 92 
cross product 68 
crystal lattice 71-72 
crystallography 

applications 70-72 
crystal symmetry 209-212 
point groups 210 (table) 
space groups 187n, 211 
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curl 75-76 
curvilinear coordinates 

D 

81-83 

damped oscillator 91-93, 282-283 
deBroglie descriptive wave 97, 100, 

147 
deBroglie's relationship 97 
Debye's theory 344-345, 348 
definite integrals, definition and 

properties 49-56 
deflection angle 145-146 
degeneracy 

accidental 128 
double 128 
harmonic oscillator 127 -128 
molecular spectroscopy 199 
repeated roots 165 

delta 
Kronecker 71n, 106, 174 
Dirac 277-278, 285 

dependent variable 2 
derivatives 22-32, 37-39 

algebraic functions 23-24 
constant 23 
continuous functions 22-24 
decomposition 29 
function of a function 24 
graphical interpretation 23 
higher 24-25 
higher partial 37 
logarithm 8 
notation y' = dy/dx 23 
partial 27n, 37 
power formula 24 
product 24 
quotient 24 
sign of second 26 
sum 23 
trigonometric functions 24 

determinant 157-159, 165 
diagonal matrices 153, 166 
diatomic molecule 135-138 

Bom-Oppenheimer approximation 
135, 289 

centrifugal forces 137-138 
dissociation energy 135 
interatomic potential function 

293-296 

mid-infrared spectral region 137 
rigid rotator 136 
rotating vibrating molecule 138 
rotation-vibration spectrum 137 
spectroscopic measurements 135 
theory of perturbation 138 
vibrating rotator 136-137 

dichloroethane 238-239 
dielectric constant 78n 
differential 28-30 

exact 38-39, 57-58 
geometrical interpretation 29 
inexact 38-39, 56n, 57-58 
product of two functions 29 
total 56 

differential equations 
ordinary 85-117 
partial 119-148 
solutions, Laplace transforms 

282-283 
differential operators 

amplitude of forced oscillations 96 
difficulties 95 
forced oscillations of vibrational 

system 95-96 
harmonic oscillator 93-94 
inhomogeneous equations 94-95 
ordinary differential equations 

93-96 
radio receiver resonant circuit 96, 

282-283 
differentiation 

chain rule 37, 57, 160 
order of partial 37 
vectors 72-79 

dihedral groups 183 
dimensional analysis 69 
dimensions and units 351-353 
dimethyl acetylene 187n, 239 
dipole moment 301-306 
Dirac delta function 277-279, 285 
direct product 154, 202-204 
discrete Fourier transform 334-336 
dispersion forces 144 
dissociation energy 135 
distributive law 

convolution 273 
operators 149 
scalar product 66 
vector multiplication 68 
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divergence 75, 82 
divergence theorem 367-368 
division by zero 2, 20 
dog and master example 52-54 
domain of acceptability 5 
dot product 66, 68 
double-valued functions 7 

e, evaluation of 8 
Eckart condition 217 
eigenfunctions 122, 152-153, 173-174 
eigenvalue problem 152-153, 

164-166, 166-170 
eigenvalues 122 
Einstein coefficients 305 
electrical and optical properties 79-80 
electrical voltage drop 92-93 
electromagnetic field 77 
electromagnetic theory applications 

77-78 
equation of continuity 78 
errors 325-328 

Gaussian distribution 326-327 
Poisson distribution 327-328 

ethane molecule 238-240 
ethylene molecule 

Hiickel approximation 316-318 
Euler's angles 218-220 
Euler's relation 13, 89 
even functions 7, 55n 
exact differentials 38-39, 57-58 
exp 8n 
exponential functions 7-12 
extinction coefficient 12 

F matrix 227-230 
factor-group method 212 
factorials 8, 112 

Stirling's approximation 252-253 
factors 

real linear 47 
repeated linear 48 

fast Fourier transform 336-339 
Fermi-Dirac statistics 264-265 

first law of thermodynamics 38-39, 
57-58 

first-order ordinary differential equations 
85-87 

force constant 125, 227-231, 234-235 
forced oscillations of vibrational system 

95-96 
four-group 183 
Fourier series 123 
Fourier transforms 

"boxcar" function 274 
Cauchy function 276 
convolution 272-273 
Dirac delta function 277-279 
Gaussian function 275-276 
Lorentzian function 276-277 
shah function 277-279 
triangle function 275 

fraction, rational algebraic 47 
full width at half maximum (FWHM) 

55, 303 
functions 2-17 

absolute maximum 26 
circular 17 
circular trigonometric 14-16 
classification 6-7 
continuous 21 
continuous derivatives 22-24 
critical points 26-28 
dependent variable 2 
domain of acceptability 5 
double-valued 7 
even 7, 55n 
exponential 7-12 
extrema 26-28 
hyperbolic 16-17 
independent variable 2 
inflection point 27 
introduction 2-6 
logarithmic 7-12 
maxima 26 
minima 26 
principal maximum 26 
properties 6-7 
several independent variables 37 
single-valued 7 
smooth curve 28 
submaximum 26 

fundamental vibrational frequency 124 
FWHM 55, 303 



SUBJECT INDEX 399 

G H 

G matrix 226-227 
gamma function 112-113 
gauche forms 238-239 
Gaussian distribution 55 

errors 326-327 
Fourier transform 275-276 
function 54-56 

Gaussian system of units 352 
gedanken experiment 185 
geometric operations 170-172 
golden ratio 320n 
gradient 74-75 
Greek alphabet 349 
Green's functions 284-286 
group theory 181-213 

Abelian group 183 
character, the 153, 185, 195 
character tables 198 - 200 
character tables for point groups 

373-383 
classes 185-187 
combination law 184 
conjugate elements 185-187 
crystal symmetry 209-212 
definitions of a group 181-182 
dihedral group 183 
direct product representation 

202-204 
examples of a group 182-184 
four-group 183 
hybridization of atomic orbitals 

207-209 
identity 181 
irreducible representations 196-198 
isomorphic groups 183 
magic formula 200-202 
molecular symmetry 187-194 
mutually conjugate elements 186 
order of a group 182 
permutations 184 -185 
point group 187 
projection operators 204-207 
representation reduction 200-202 
space groups 187n, 211 
symmetry-adapted functions 

204-207 

Hamiltonian operator 130-131, 173, 
176 

Hankel functions 114 
harmonic oscillator 

differential operators 93-94 
Green's functions 284 
Laplace transform 282 
matrix elements 385 
quantum mechanics 102-104 
second-order ordinary differential 

equations 89-91 
Hartree energy 353 
Heaviside notation 63 
Heisenberg's quantum mechanics 

176-177 
Heisenberg's principle of uncertainty 

146 
Hermann-Maugin notation 210 
Hermite polynomials 104-107, 108 

(table), 126 
Hermite's equation 102-103 
Hermitian form 162 
Hermitian operators 151-153 
higher partial derivatives 37 
hindered rotation of a methyl group 

115 
homonuclear diatomic molecules 267 
Hooke's law 90, 125, 166 
hybridization of atomic orbitals 

207-209 
hydrogen, ortho-, para- 267-270 
hydrogen atom 138-142, 267-270 

energy 139-140 
probability density 140-142 
spectrum 140 
Stark effect 290, 298-300 
wavefunctions 112, 140-142 

hydrogen molecule-ion 314-316 
hyperbolic functions 16-17 

cosh 16-17 
relation to circular functions 16 
second-order ordinary differential 

equations 89 
sinh 16-17 

hypergeometric function, series 
115-116 

Hiickel approximation 316-322 
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I 

ideal gas 256-257 
identity 154, 181-183, 188 
implicit relations 25-26 
indefinite integral 43 
independent variable 2 
indeterminate form 19n, 32 
inexact differential 38-39, 57-58 
infinitesimal 28 
infinity / infinity 32 
inflection point 27 
infrared spectra 164 

molecular vibration frequencies 228 
inhomogeneous differential equations 

94-96 
initial conditions 10, 48-49, 53, 

90-91, 122-123 
inner product 66 
integral tables 59 
integral transforms 271-286 

Fourier transform 271 - 279 
kernel 271 
Laplace transforms 279-286 
mapping of a function 271 

integrating factor 56-59, 86, 360 
integration 43-61 

along a curve 51-52 
by parts 46 
by substitution 45-46 
chemical kinetics 47-48 
constant of integration 43, 49, 89, 

124 
definite integrals, definition and 

properties 49-56 
exact differential 38-39, 57-58 
Fido and his master example 52-54 
formulas 44-45 
fundamental theorem 50-51 
Gaussian distribution, FWHM 55, 

303 
Gaussian function 54-56, 275-276 
indefinite integral 43 
inexact differential 38-39, 57-58 
integrating factors 56-59, 86 
line integrals 51-52, 80-81 
methods 45-49 
numerical 59, 341-345 
partial fractions 47-49 
plane area 50 

surface of a solid 52 
tables of integrals 59 
trigonometric substitution 45 

interaction of nonpolar molecules 144 
internal displacement coordinates 

226-227 
internal rotation in a molecule 

114-115, 187n, 239 
intramolecular potential function 227 
inverse kinetic-energy matrix 227 
inverse matrices 155-156 
inverse of square matrices 158 
inversion (term), different meanings 

236n, 283-284 
irrational numbers 1-2 
irreducible representations 196-198 
/5(7-octane 240 
isomorphic groups 183 
isotropic potential 128 

J 

Jacobi polynomials 
Jacobians 159-161 
Jeriho walls 96 

116 

K 

kernel 271 
kinetic energy 

molecular mechanics 215-217 
vibrational energy 225 

Kirchhoff's second law 93 
Kronecker delta 71, 106, 174 

Lagrange multipliers 255-256 
Lagrange's mean-value theorem 30-32 
Laguerre polynomials 140, 360 
Lambert's law 11 
Langevin function 6In 
Laplace transforms 279-286 

convolution 283-284 
delta function 285 
derivative of a function 281-282 
differential equation solutions 

282-283 
inversion 283-284 
simple 279-281 
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Laplacian 76-77 
Laplacian operator in spherical 

coordinates 363-365 
LCAO 312-316 
least-squares method 328-330 
Legendre's differential equation 116 
Lennard-Jones functions 144 
L'Hospital's rule 31-32 
limits 

combining 21-22 
continuity 21-22 
definition 19-22 

line integrals 51-52, 80-81 
linear combinations of atomic orbitals 

312-316 
linear rotators 220-221 
linear variation functions 311-312 
In = log^ 8, 9, 10, 33 
log=log,o^,9. 10 
logarithmic functions 7-12 

base 7 
In 8, 9, 10 
log 8, 9, 10 
Naperian 8 
natural 8 

London forces 144 
Lorentzian function 276-277 

M 

machine precision 2 
Maclaurin's series 33-34 
magic formula 200-202 
magnetic susceptibility, moment 61n 
mapping of a function 271 
MASER 236 
mass-weighted coordinates 169 
Mathematica programs 20, 45n, 59 
Mathieu functions 114-115 
matrices 153-179 

addition 154 
adjoint 158 
antisymmetric 162 
cofactor 157 
complex conjugate 155 
congruent 154 
conjugate transpose 155 
determinant 157-159 
diagonal 153 
direct product 154, 202-204 

displacement coordinates 189-191 
eigenvalue problem 164 -166 
G matrix 226-227 
geometric operations 170-172 
Hermitian form 162 
improper rotation 172 
inverse 155-156 
inverse kinetic-energy 227 
inverse of a product 156 
inverse of square 158 
irreducible representations 196 -198 
Jacobians 159-161 
linear equations 163 
minors of determinant 157 
multiplication 154 
normalized amplitudes 98, 168-169 
null 154 
partitioning 163 -164 
quadratic form 162 
quantum mechanics applications 

172-175 
reflections on vectors 170 
Schonflies symbols 170-172, 172n 
similarity transformation 166 
skew symmetric 162 
special 156 (table) 
submatrices 163 -164 
systems of linear equations 155 
trace 153, 154, 195 
transpose 155 
transpose of a product 156 
unit 154 
vectors 155, 161-162 

Maxwell's equations 77-80 
Maxwell's relations 39, 40, 59 

Jacobian notation 161 
mean-square speed of molecules 59 
mean-value theorem 30-32 
Milne's method 345 
minors of determinant 157 
modified valence force field 234 
modulus 13 
molecular energies 257-262 

rotation 259-260 
translation 258-259 
vibration 261-262 

molecular inversion 236-238 
molecular mechanics 215-243 

energy of a molecule 215 
kinetic energy 215-217 
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molecular mechanics - (contd.) 
molecular rotation 217-224 
nonrigid molecules 236-242 
vibrational energy 224-236 

molecular mechanics method 
nonrigid molecules 240-242 

molecular rotation 217 - 224 
angular momenta 221 - 222 
Euler's angles 218-220 
rotators classification 220-221 
symmetric rotator 222-224 

molecular spectroscopy 
degeneracy 199 
symmetry species 199 

molecular symmetry 187 -194 
molecular symmetry group 369-371 
molecular vibrations 233-234 
molecular vibrations, erroneous terms 

124 
molecules 

homonuclear diatomic 267 
hydrogen 267-270 
ortho- 267-268 
para- 267-270 
rigid 187 

moment 
dipole 301-106 
inertia 217-218 
magnetic 6 In 

moments of Gaussian function 56 
monochromatic waves 79 
multiplication (term) meaning law of 

combination 182 
musical instruments 125 

N 

nabla ("del") 74-79, 82-83 
Naperian logarithms 8 
naphthalene molecule 

Htickel approximation 321-322 
natural logarithms 8 
Neumann functions 114,147 
Newton's binomial formula 34 
Newton's method 345-347 
Newton's notation 90 
Newton's second law 90, 119 
nonessential singularities 108 
nonrigid molecules 236-242 

internal rotation 238-240 
molecular conformation 240-242 
molecular inversion 236-238 
molecular mechanics method 

240-242 
normalized amplitudes 168-169 
normalized atomic orbitals 358-359 

(table) 
normalized Gaussian function 55, 276 
notation 

(2n-m 59n 
binomial coefficients 247 
combinations 247 
derivative: y' = dy/dx 23 
dimensions and units 351-353 
factorial: «! 8,112 
Gaussian system 352-353 (tables) 
Heaviside 63 
Hermann-Maugin 210 
inexact differential 56n 
Jacobians 159-161 
Laplacian 76 
molar quantity: tilde 257 
Newton's, time derivative: dot above 

symbol 90 
partial derivatives: subscripts 37 
rigid molecule point symmetry 188 

(table) 
scalar quantity: plain italics 63 
Schonflies 170-172, 172n, 191, 198, 

210 (table) 
second derivative: y" 25 
spectroscopy-symmetry of functions: 

g and u 99 
time derivative: dot over vector 225 
transpose operation: tilde 225 
units and dimensions 351-353 
vector product (French) 68n 
vector: boldfaced italic 63 
vector operator [del] 74 

null matrices 154 
numbers 

Arabic 1 
irrational 1-2 
real 2 

numerical analysis 325-248 
binary algebra 337n 
Boolean algebra 337n 
discrete Fourier transform 334-336 
errors 325-328 
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fast Fourier transform 336-339 
Fourier transforms 334-341 
least-squares method 328-330 
Milne's method 345 
numerical integration 341-345 
polynomial interpolation 330-334 
Romberg's method 343-345 
Simpson's rule 343 
smoothing 330-334 
spectroscopy applications 339-341 
trapezoid rule 342-343 
zeros of functions 345-347 

O 

Ohm's law 78 
operators 

algebra of 149-151 
angular momenta 220-221 
associative law 149 
characteristic-value problem 152 
commutative law 149 
commutator 150 
distributive law 149 
eigenfunctions 152-153 
eigenvalue problem 152-153 
Hermitian 151-153 
matrices 149-179 
quantum mechanics 151-153 
self-adjoint 151 
well behaved functions 151 

optical and electrical properties 
fundamental relationship 79-80 

order of a group 182 
ordinary differential equations 

85-117 
associated Laguerre polynomials 

111-112 
associated Legendre polynomials 

107-111 
Bessel functions 113-114 
Chebyshev polynomials 116 
differential operators 93-96 
first-order 85-87 
gamma function 112-113 
Hankel functions 114 
Hermite polynomials 104 -107 
hypergeometric function 115-116 
integrating factor 86 
Jacobi polynomials 116 

Mathieu functions 114-115 
Neumann functions 114 
order 85 
quantum mechanics applications 

96-104 
second-order 87-93 
special functions 104-116 

ortho-mo\ecu\es 267-268 
orthogonality of the characters 197, 

204 
oscillations in electrical circuits example 

89-91 
othogonality of eigenfunctions 

173-174 
outer product 67 
overtone frequencies 124-125 
oxygen atoms 189-191 

parallelepiped volume 70 
parametric relations 25-26 
para-molecules 267-270 
partial derivatives 27n, 37 
partial differential equations 

119-148 
binary collisions 142-147 
central forces 132-135 
characteristic values 122 
diatomic molecule 135-138 
eigenfunctions 122 
eigenvalues 122 
hydrogen atom 138-142 
separation of variables 119, 120-121 
three-dimensional harmonic oscillator 

125-128 
two-body problem 129-132 
vibrating string 119-125 

particle in a box 96-98, 122 
variation method 309-311 
symmetric box 99-100 

particle in space 63 
partition function 256-257 
partitioning of matrices 163-164 
Pascal's triangle 248 
permittivity 78n 
permutations 245 - 246 
perturbation theory 

anharmonic oscillator 293-296 
degenerate systems 296-298 
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perturbation theory - (contd.) 
first-order approximation 291 - 293 
hydrogen atom, Stark effect 

298-300 
nondegenerate systems 290-291 
second-order approximation 293 
Stark effect 290 
stationery states 290-300 

perturbations, time-dependent 300-308 
interaction of light and matter 

301-305 
Schrodinger equation 300-301 
spectroscopic selection rules 

305-308 
phase shift 146-147 
phase velocity 120 
pi mnemonic 1 
planar molecules with TT-electron 

systems 316-322 
Planck's constant 97, 104, 353 
plots 

cosh 17 
cosine function 15 
Gaussian function 54 
sine functions 15 
sink 17 

plucked string 123 
point group 187 
point-group character tables 373-383 
Poisson distribution 327-328 
polyatomic molecules 

nuclear displacements 227 
vibrational energy 228-229 

polynomial interpolation 330-334 
potential energy, vibrational 227, 235 
power formula 24 
power series 32 
principal axes 218-220 
principal force constant 230 
principal maximum 26 
probability 245-253 

combinations 247-248 
Pascal's triangle 248 
permutations 245 - 246 
probability theory 249-251 
Stirling's approximation 251-253 

projection operators 204-207 
prolate-top rotators 221 

quadratic equations, complex numbers 
13 

quantum mechanics 
absolute reaction-rate theory 102 
ammonia maser 102 
applications 96 -104 
associated Legendre polynomials 

107-111 
chemical reaction rates 100-102 
eigenvalue problem 152 
energy of system 172-173 
harmonic oscillator 102-104, 

175-177 
Hermite polynomials 104-107 
integrals 99-100 
matrix methods 172-175 
operators 151-153 
particle in a box 96-100, 122, 

309-311 
rates of chemical reactions 102 
rectangular barrier 100 -102 
rotational energy 221-222 
spectroscopic selection rules 100 
stationary states 174 
symmetric rotator 222-224 
translational partition function for a 

gas 96 
transmission coefficient 101 
tunnel effect 100-102 
two-body problem 130-132 

quantum mechanics, approximation 
methods 287-324 

Bom-Oppenheimer approximation 
287-290 

perturbation theory: stationary states 
290-300 

perturbations: time-dependent 
300-308 

time-dependent perturbations 
300-308 

variation method 308-322 
quantum statistics 262-267 

Bose-Einstein statistics 265-267 
exclusion principle 263-264 
Fermi-Dirac statistics 264-265 
identical particles indistinguishability 

262-263 
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R 

radial wavefunctions for hydrogenlike 
species 361 

radio receiver resonant circuit 96, 
282-283 

radio-active decay 11 
Raman spectra 164 
rate of series convergence 36 
rates of chemical reactions 102 
rational algebraic fraction 47 
real numbers 2 
rectangular barrier 100 -102 
reflections on vectors 170 
region of convergence 36 
regular points 108 
repeated linear factors 48 
rigid rotator 136 
road profile 28 
Romberg's method 343-345 
rotating vibrating molecule 138 
rotation 75-76 
rotation of a symmetric top molecule 

116 
rotation-vibration spectrum 137 
rotators 

asymmetric 220 
linear 220-221 
prolate 221 
spherical 220-221 
symmetric 220-221 

rotators classification 220-221 
Rydberg's constant 140, 353 

scalar fields 73-74 
scalar point function 73 
scalar product 66-67 
scalar triple product 71 
scanning 273 
Schrodinger's equations 97, 102-103, 

115, 125, 131-132, 174, 
300-301 

Schonflies symbols 170-172, 172n, 
191, 198, 210 (table) 

secant 16 
second-order ordinary differential 

equations 87-116 
classical harmonic oscillator 89-91 

constants of integration 89 
critically damped system 92 
damped oscillator 91-93 
electrical voltage drop 92-93 
Euler's relation 89 
harmonic oscillator 89-96, 102-107 
hyperbolic functions 89 
oscillations in electrical circuits 

89-91 
series solution 87-89 
vibrations of mechanical systems 

89-91 
secular determinant 228, 297-299, 

317-319 
water molecule 229-231 

secular equations 165, 297 
self-adjoint operators 151 
self-convolution 273 
separation of variables 119, 120-121, 

135 
series 32-36 
series convergence tests 35-36 
shah function 277-279 
SI units 352-353 (tables) 
similarity transformation 166, 

185-186, 195 
Simpson's rule 343 
simultaneous linear equations 155 
sine function 19-20, 274 
sine function 

absolute value in polar coordinates 
15 

fundamental definition (series) 14 
plots 15 

single-valued functions 7 
singular points 108 
skew-symmetric matrices 162 
smooth curve 28 
smoothing 273, 330-334 
solids, heat capacity, Debye's theory 

344-345 
space groups 187n, 211 
spectroscopy 

bandshape 55, 276-277 
data interpolation and smoothing 

339-341 
FWHM 55, 303 
rotational, selection rules 224 
selection rules 100, 305-308 



406 SUBJECT INDEX 

spectroscopy - (contd) 
substituted ethanes 238 
vibrational quantum number 104 

spherical coordinates 132-133 
Laplacian operator 363-365 

spherical harmonics 111, 134-135 
spherical rotators 220-221 
spontaneous emission 304 
Stark effect 290, 298-300 
state functions 38-39, 81, 159 
state sum 256-257 
statistical mechanics 253-254 
statistical thermodynamics 253 
statistics 253-270 

Lagrange multipliers 255-256 
molecular energies 257-262 
ortho- and para-hydrogen 267-270 
partition function 256-257 
quantum statistics 262-267 
state sum 256-257 

steric energy 241 
stereoisomers 238-239 
Stirling's approximation 251-253 
submatrices 163 -164 
submaximum of a function 26 
substituted ethanes 238 
surface generated by revolution of a 

contour 52 
symmetric rotators 222-224 
symmetry coordinates, water molecule 

231-234 
symmetry species 196-198 
systems of linear equations 155 

energy 128 
isotropic potential 128 
quantum-mechanical applications 

125-127 
vibrational quantum number 126 

total differentials 38-39, 56 
trace 153, 154, 195 
trans form of dichloroethane 239 
transition (dipole) moment 302-306 
translation group 211-212 
translational partition function for a gas 

96 
transmission coefficient 101 
transport properties 146 
transpose of a matrix 155 
trapezoid rule 342-343 
triangle function 275 
trigonometric functions 14-16 

cosecant 16 
cosine 14-15 
cotangent 16 
derivatives 24 
relation to hyperbolic functions 16 
secant 16 
sine 14-15 
tangent 16 

triple vector products 69-71 
tunnel effect 100-102 
two-body problem 129-132 

binary coUisions 142-147 
classical mechanics 129-130 
Hamiltonian operator 130-131 
quantum mechanics 130-132 

U 

Tacoma Narrows bridge 96 
tangent 16 
Taylor's series 32-34 
tests of series convergence 35-36 
thermodynamics 

applications 56-57, 81 
first law 38-39 
Jacobian notation 160 -161 
systems of constant composition 38 

three-dimensional harmonic oscillator 
125-128 

degeneracy 127-128 

unit matrices 154 
units and dimensions 

V 

351-353 

valence force constants 230 
valence force field 234 
Van der Waals' equation 27 
VanderWaals' fluid 28 
variation method 308-322 

benzene molecule 320-321 
butadiene molecule 318-320 
ethylene molecule 316-318 
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Huckel approximation 316-322 
linear combinations of atomic orbitals 

(LCAO) 312-316 
linear variation functions 311-312 
naphthalene molecule 321 -322 
particle in a box 309-311 
variational theorem 308-309 

variational theorem 308-309 
vector addition 64-66 
vector analysis 63-84 

addition 64-66 
areal vector 69 
atomic and molecular spectroscopy 

applications 78 
Cartesian coordinates 63-64 
coordinate system 63 
cross product 68 
curl 75-76 
curvilinear coordinates 81-83 
differential operator ("del") 74-75 
differentiation of vectors 72-73 
dimensional analysis 69 
divergence 75, 82 
divergence theorem 78, 368-369 
dot product 66, 68 
equation of continuity 78 
gradient 74-75 
Heaviside notation 63 
inner product 66 
Laplacian 76-77 
line integrals 80-81 
outer product 67 
reciprocal bases 71-72 
rotation 75-76 
scalar fields 73-74 
scalar product 66-67 
scalar triple product 71 
thermodynamic applications 81 
triple products 69-71 
useful image 63 
vector fields 73-74 
vector product 67 - 69 
vector triple product 69-70 

vector matrices 155 
vector product 67-69 
vector triple product 69-70 
vibrating rotator 136-137 
vibrating string 119-125 

boundary conditions 121-122 
excitation 123 

fundamental vibrational frequency 
124 

harmonic frequencies 124 
initial conditions 123-125 
overtone frequencies 124-125 
phase velocity 120 
plucked string 122, 123 
separation of variables 120 -121 
string fixed at ends 121-122 
struck string 122 
wave equation 119 -120 

vibrational energy 224-236 
G matrix 226-227 
internal displacement coordinates 

226-227 
intramolecular potential function 227 
inverse kinetic-energy matrix 227 
kinetic energy 225 
molecular vibrations 233-234 
normal coordinates 227-228 
polyatomic molecule 228-229 
potential energy 227 
principal force constants 230 
secular determinant 228-229 
symmetry coordinates 231-232 
valence force constants 230 
vibrational modes, forms of 

234-236 
water molecule 229-231 

vibrational modes 
forms of 234-236 
water molecule 234-236 

vibrational quantum number 104,126 
vibrational spectra of crystalline solids 

212 
vibrations of elliptical drum heads 114 
vibrations of mechanical systems 

89-91, 168-170 
vibrations of polyatomic molecules 

224-236 
virial coefficients 146 
volume of a gas as function of pressure 

3 

W 

water molecule 
molecular symmetry 188-189 
secular determinant 229 - 231 
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water molecule - (contd.) work done on a gas 58-59 
symmetry coordinates 231-234 
vibrational energy 229-231 Z 
vibrational modes 234-236 

waves on approximately elliptical lakes zero 1, 2 
114 0/0 19n, 22, 30-31,32 

well behaved functions 151 zeros of functions 345-347 


