
INDEX

ABACUS -2, 471

Absolutely forbidden transitions , 434- 435
Absorption constant in complex square

well , 364

Absorptive potential in optical model ,
369 - 370

Acoustical resonances , analogy with virtual
levels , 162

Action of system of particles , 77
Activition energy for fission , 487 - 490

Addition of angular momenta , quantum
rules for , 308 - 310

Ajzenberg -Selove, F ., 380, 392
Allen , R . C ., 431

Alpha particle emission
one-dimensional theory of , 133
semiclassical theory of, 464- 468

Amaldi , E ., 564

Amplitude of wave , definition of, 99
Angular distribution

of elastically scattered neutrons ,
353 - 354 , 359 , 366 - 367 , 380 - 384 , 387 ,

418 , 534 - 538

of emitted charged particles , 477- 478
of fission fragments , 498- 499
Legend re polynomial expansion of,

385 - 391

Angular momentum
bookkeeping , 312- 317
bookkeeping in 40Ca(nip)40K reaction ,

474 - 476

commutation rules governing orbital ,
166 - 167

conservation of classical , 24- -26

conservation of quantum mechanical ,
268

intrinsic - See Spin
quantum description of orbital , 164- 171
quantum properties of, 308- 310
vprtnr mnnel of orbital . 170 - 171

Angular velocity of wave, 99
Anisotropy of fission fragment angular

distribution , 498 - 499

Annihilation gamma rays , 424

Anomalous magnetic moments of neutron
and proton , 220

Apparent threshold
of cpo reaction , 463 , 470
for fi ~~ion . 489 - 490

Associated Legend re functions
definitions and table of , 151 - 152

relation to spherical harmonics, 321
Asymmetry

of fission resonances , 493 - 494

of mass distribution in fission , 497 - 498 ,

501 - 506

Atomic mass

relation to nuclear mass , 212

variation of (fl,')') cross section with ,
44R - 449

Atomic mass unit , definition of , 209 , 567

Atomic number , definition of , 210

Atomic shell theory , 241- 247
Atomic theory , Bohr 's, 84- 85
Auerbach , E . H ., 471
Austern , N ., 482
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Azimuthal asymmetry in double scattering,251-254

Average cross sections, optical model
theory of, 360- 363

Average fractional energy loss in elastic
scattering, 386- 388

Average reflection factor, optical model,
361

Avogadro's number, 567
Azimuthal angle, definition of, 10

Boltzmann ' s constant , 567

Born approximation

application to Fermi pseudopotential ,

529 - 530 , 553

application to slow - neutron scattering ,

553

derivation of . 199 - 205

Bound - atom scattering cross section ,

530 - 532

Bound states in spherical square well ,

155 - 159

Box , energy levels in , 119 - 123

Bracket , definition of Poisson , 75

Bragg cutoff , 539

Bragg scattering , 538 - 539

Bragg ' s law . 538 - 539

Branching ratio in inelastic scattering ,

404 - 405

Breit , G . , 295

Breit - Wigner equations

elementary derivation of , 295 - 298

including spin , 329 - 331

A - matrix derivation of , 343 - 344

for scattering resonances , 353 - 359

Breit - Wigner resonance

area invariance of , 517 - 518

Doppler effect on , 512 - 520

Brolley , J . E . , 498

Brown , G . E . , 370

Buck , B . , 371

Calcium

elastic cross sections of , 382 - 384

inelastic cross sections of , 420 - 425

nuclear energy levels in , 416 - 417

Canfield , E . H . , 518

Canonical

conjugate variables , 74

equations of motion , 73 - 75

transformation , 78

Capture , elastic . See Compound elastic

scattering

Capture gamma rays

measured spectra , 436 - 442 , 458 - 459

from non thermal neutron capture , 441 ,

458 - 460

Capture gamma spectrum

from aluminum , 458 - 459

from cadmium . 441

from iron , 437

from vanadium , 439

Carter , R . E . , 431

Cascade reactions , 425 - 430

Caswell , R . S . , 372 - 384 , 417

Center of mass

constant velocity of , 28 - 29 , 31 - 32

Azimuthal degeneracy in Coulomb
potential , 164

Azimuthal quantum number

in hydrogen energy levels, 241
introduction of , 148

Bacon , G . E ., 566

Baggott , E. A ., 194
Barn , definition of , 5

Barrier transparency

toward alpha particle emission , 464- 468
approximate expression for , 113- 114
definition of . 110

Barriers

of arbitrary shape, 113- 114
quantum mechanical treatment of

one -dimensional , 108 - 118

Bartlett , T . H ., 249

Baumgartner , E., 482
Beam , uncertainty in collimation of ,

177 - 178

Bessel functions

definitions and properties of spherical ,
156 - 157

integral representation of spherical , 181
Beta decay

of fission fragments , 486
of isomeric level , 434 - 436

nonconservation of parity in , 267
Bethe , H ., 261 , 264 , 282

Beynon , T . D ., 515, 520
Biedenharn , L . C ., 337 , 412 , 482

Binding energy
atomic , 212
definition of . 212

nuclear , 212

Binding fraction , 212- 213
Black -nucleus model , 262 - 264 , 360

penetrabilities obtained from , 468- 472
Blatt , J. M ., 273 , 281 , 325 , 337 , 346 , 408 ,

412 , 451 , 460 , 466

Bohm , D ., 98 , 138 , 205

Bohr , A ., 455 , 504 - 506

Bohr , N ., 58 , 261 - 262 , 485 , 499

Bohr 's independence hypothesis , 262
Bohr 's theory of the atom , 84- 85
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Cloudy -crystal -ball model . See Optical
model

Coherent scattering
of neutrons in chemical region , 532- 539
from two fixed nuclei , 535 - 539

Coherent scattering cross sections , table of ,
546

Collective model , 248 , 260 , 455 - 456

Collective state , 450

Collective transitions , 455 - 456
Collimation of incident beam , 177 - 178

Collision
definition of . 1

elastic , 2

inelastic , 2

reaction , 2

scattering , 1- 2
Collision matrix

definition of , 325 , 335

relation to R matrix , 343 - 345

symmetry of , 339

unitarity of , 338
Commutation relations

governing orbital angular momenta ,
166 - 167

governing quantum operators , 91
governing spin operators , 302- 303

Commutator , definition of , 91
Complex energy of decaying state , 280

Complex phase shift , 284- 287
Complex potential as sink for probability

density , 176- 177. See also Optical
model potentials

Complex square well , optical model of ,
364 - 368

Compound elastic scattering
amplitude for , 293- 297
definition of , 265 - 266 , 288

Hauser - Feshbach expression for , 418
optical model expression for , 363,

380 - 381

Compound nucleus
P. ()nr ' ~ m ()del of . 261 - 264

decay by fission , 489- 494
energy levels in , 277 - 284
formation cross section , 262 - 266

297 - 298 , 362 - 363 , 380
in inelastic scattering , 404- 405
as a traffic controller , 312 - 317

CondonE . U ., 133 , 152 , 322 , 467

Configuration space, 74
Conservation

definition of , 28
Central difference solution of Schrodinger

equation , 193- 199
Centrifugal force , classical , 63
Centrifugal potential

classical , 62- 65
quantum mechanical , 153

Chadwick , J., 208- 209, 484
Changes of variables in differential cross

sections , 10
Channel

to channel cross sections , 338
definition of, 332
elastic scattering , 338
reaction , 338
wave functions , 333- 334

Channel radius

for alpha particle emission , 466
definition of , 332

Channel spin
analysis of interactions , 325- 328
coupling , 311
definition of , 311
eigenfunctions , 318- 324

Channels

open to fission , 494, 504- 506
open to gamma decay, 494

Charge density in nucleus , 216- 217
Charlie independence of nuclear forces, 211

Charged -particle -out reactions
Hauser - Feshbach theory of , 472- 478
induced by slow neutrons , 478- 482
kinematics of , 462- 463
the 27 AI (n,af4Na reaction , 463- 468
the 1 B(n,a)7Li reaction , 479- 482
the 40Ca(nip)40K reaction , 473- 478
the 6Li (n,a)3H reaction , 482

Charged -particle penetrabilities , 468- 472
Chase, D . M ., 371
Chemical region

coherent scattering in , 532- 539
incoherent scattering in , 539- 548
inelastic scattering in , 548- 552
interactions of neutrons in , 524- 525
scattering amplitudes in , 526- 529

Classical elastic scattering cross section
general expression for , 43- 46
for re Dulsive inverser potential , 55- 58

for square well , 50- 55
Classical impossibilities , 99
Classical me<.:hanics , survey , 69- 84
Classical observables and operators , 90- 91
Classification of neutron cross sections ,

264- 267
Clebsch - Gordon coefficients , 320- 328

table of , 323

of parity, 235
of probability, 173- 175

Conservation laws
classical, 21- 26



DeBroglie wavelength
and classical radius of particle , 187
of neutron , 533

DeBroglie 's postulate , 68
Debye model of solids , 521- 522, 551- 552
Debye temperature of solids , 521- 522
Decay gamma rays, 432
Decay probability

for alpha particle emission , 466- 468
of excited state , 279 - 280

Deformation energy in fission , 503 - 506

Degeneracy
of eigenfunctions , 122
ofeigenstates of dice , 135- 136
of lth partial wave, 182

Degrees of freedom , 70, 283- 284
Delayed neutrons

from fission , 486

and shell structure , 250

DeMevergnies , M . N ., 460
Demidov , A . M ., 439

Density
of energy levels , 280 - 282
of nuclear matter , 215 - 216

Deuteron

photodisintegration of, 273
quadropole moment of, 232

Deviation , standard or root - mean - square ,

97

Diatomic molecule , energy levels in ,
548 - 551

Dice , analogy to eigenstates , 135- 136
Differential cross sections , definition of , 9
Differential elastic cross section

classical calculation of , 44 - 58

definition of , 10- 12

expansions of, 385- 391
optical model expression for , 362- 363
quantum expression for , 180
in scattering resonance , 359
transformation of , 58- 61

Dipole moment , electrostatic , 225
Dirac , P . A . M . , 138

Direct radiative capture , 450

Distant correlation function , 556

Doppler -broadened line shape, 515, 520
Doppler effect, 508- 523

on Breit - Wigner reaction resonance ,
512 - 518

on Breit - Wigner scattering resonance ,
518 - 520

on constant cross section , 511 - 512

on energy of resonance center , 523
invariance of resonance area , 517 - 518
on llu cross section , 509
significance in nuclear reactors of , 523
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in formation and decay of compound
nucleus . 312 - 317

in nuclear interactions , 267 - 269

Constants of motion , 171 - 173

Constellation , definition of , 1

Contact collisions , 17- 19

Continuity of wave function , 92
Conversion factors for length , area, mass,

and energy , 568

Coordinate systems
definitions of , 26

transformations between , 36 , 58 - 61

Copenhagen language , 138
Corben , H . C . , 70

Correlation functions , 556

Correspondence principle , 90, 121
Coulomb barrier

in alpha particle emission , 465, 478
against fission , 487- 489

Coulomb constant , 568

Coulomb field parameter , 334

Coulomb phase shift , 334
Coulomb potential

accidental degeneracy in , 164, 241- 242
from distributed charge , 223- 225

Coulomb wave functions , 163 , 290 , 334 ,

336

Coulomb 's law , 236

Coupling of angular momenta , 308- 311
Cranberg , L ., 383
Cross , W . G ., 382

Cross sections }. See also Elastic scattering
cross sections } ; Fission cross
sections ; etc .

definitions of , 4 - 9

expansion of, 385- 391
maximum possible , 286- 287
rigid sphere, 191- 193
symbols for , 265- 267
transformation of , 58 - 61

Crystal ball
analogy of classical scattering to , 52
cloudy . See Optical model

Crystal scattering , Bragg 's law , 538- 539
Crystals , saturation of forces in , 239- 240
C -system , definition of , 26
Curie , I ., 209 , 484

Current density , probability , derivation of
expressions for , 173- 175

Cyclic coordinates in Ha milton ian
dynamics , 74

D ' Abro , A . , 98 , 140

Davisson , C . J ., 68

DeBenedetti , S ., 273

DeBroglie , L . Y., 68- 69, 138- 139
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Elastic scattering cross sections )
classical derivation of , 44 - 58

graphs of neutron - nucleus , 365- 367
in isolated resonances , 292 - 297 , 329 - 331

Legend re polynomial expansions of,
385 - 391

measured behavior of , 352 - 354

of neutrons on calcium , 382 - 384

optical model expressions for , 360- 363
partial wave expression for , 185

Electric charge , conservation of , 267
Electric multipole quanta , 450--455
Electric quadrupole moments , 223- 232
Electrodynamic force , 236
Electron

charge , 567
classical radius , 568

rest mass , 567

Electron volt , definition of , 3

Ellipsoidal charges, quadrupole moments
of , 228 - 232

Ellipticity of ellipsoid , 229
Elwyn , A . J., 384
Emde . F .. 149 . 181

Endoergic reaction , threshold energy of,
270

Energy , conservation of total , 22- 23
Energy of deformation of nucleus , 503- 506
Energy eigenfunctions . See Eigenfunction (s)
Energy eigenvalues . See Eigenvaluc (s)
Energy gaps between levels in rectangular

box , 121

Energy level spacing , from neutron capture
data , 449

Energy levels
in compound nucleus , 277- 284
in Coulomb potential , 241- 242
density of nuclear , 280- 282
in finite potential well , 123- 125
in hydrogen atom , 241- 243
in infinite potential well , 121
of linear harmonic oscillator . 127

in liquids , 553
in molecules . 548 - 550

notation for atomic and nuclear , 244

numerical determination of , 198 - 199

in solids , 551 - 552

of three -dimensional harmonic oscillator ,
254 - 256

widths and lifetimes of , 279 - 280 , 283 - 284

Energy loss in elastic scattering , 386- 388
Energy resolution of inelastic neutron

spectra . 406 - 407

Energy spectrum of neutrons from
inelastic scatter  in ~ . 405 - 407

Engelbrecht , C. A ., 416

Doppler line shape , pure , 517

Doppler resonance area , in variance of ,

517 - 518

Double differential cross section

of heavy water , 563

of solids and liquids , 558

Double - scattering experiments , 249 - 251

Doublet , nuclear spin , 253 - 254

Dresner , L . , 565

Duffy , G . J . , 416

Dynamical variable , average of , 92

Edmonds , A . R . , 309 , 346 , 371

Effective mass of bound atom , 531

Effective potential

classical , 62 - 63

quantum mechanical , 153

Egelstaff , P . A . , 559 , 565

Eigenfunction ( s )

of angular wave equation , 148 - 152

in channel spin formalism , 318 - 325

in Coulomb potential , 163 - 164

definition of , 93

degeneracy of , 122

in finite potential well , 123 - 125

harmonic oscillator , 127

in infinite potential well , 119 - 123

of linear harmonic oscillator , 126 - 127

linear independency of , 122

numerical calculation of , 193 - 199

orthogonality of , 123

spectrum of , 94

of spherical Bessel equation , 155 - 157

Eigenvalue ( s )

in Coulomb potential , 163 - 164

definition of , 93

of dice , 135

in finite potential well , 123 - 125

of free - particle energy , 104 - 107

in infinite potential well , 121

of linear harmonic oscillator , 127

numerical calculation of , 198 - 199

of orbital angular momentum , 153

of three - dimensional oscillator , 255

Einstein , A . , 84

Einstein model of solids , 521 , 551 - 552

Eisenbud , L . , 340

Elastic scattering

in the chemical region , 524 - 548 , 552 - 565

C - system invariance of speeds in , 35 - 36

definition of , 2

fractional energy loss in , 386 - 388

kinematics of neutron , 350 - 352

neutron - nucleus , 349 - 393

optical model of , 360 - 385
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Fission resonances , departure from
symmetry of , 493 - 494

Fissionable nuclides , 485

Fluctuation cross section , 362 - 380

Forbidden transitions , 423 , 434 - 436

Force field collisions , 16- 19
Forces

in nature , 236 - 237

between nucleons , 237 - 240

saturation of nuclear , 239 - 240

Formal resonance energy

in Breit - Wigner theory , 295- 296
in R-matrix theory , 340

Fowler , J. L ., 430 , 482

Free particle in one dimension , 106- 108
Free -atom scattering cross section , 530- 532
Freeman , J. M ., 431

Freier , G ., 253

Frequency spectrum
derived from measured scattering law ,

559

of graphite , 562
of heavy water , 565
of liquids , 552
of solids . 551 - 5 '52

Frequency of wave, definition of, 99
Frisch , 0 ., 485

Galilean transformation , 36

Gamma ray emission

of collective type , 455

degrees of freedom in , 283- 284
selection rules for , 453 - 454

theory of, 450- 460
transition probabilities for , 450- 453

Gamma ray spectra

from non thermal -neutron capture ,
458 - 460

statistical theory of, 456- 460
from thermal -neutron capture , 436 - 443

Gamma ray transition diagram
for cadmium , 442

for iron , 438

for vanadium , 440

Gamma rays

emitted in fission , 486 , 496

from inelastic scattering , 397- 398,
421 - 42 ~

from neutron capture , 436 - 443
Gamow , G ., 133 , 467

Gamow factor , 467

Gaudin , M ., 283

Gedanken experiment
demonstrating isotropic scattering , 13- 14

demonstrating uncertainty principle ,
97 - 98

Entrance channel , definition of , 332
Equilibrium constant , 271- 273
Evans , R . D .. 222 . 273

Exclusion principle , 244
Exit channels

definition of , 332

for fission , 494 , 504 - 506

for gamma emission , 494

Exoergic reactions , 269
Expectation value (s)

definition of , 92

of momentum of free particle , 107
of orbital angular momentum , 168- 170
of total ener ?, y , 105 . 134 - 135

External fields , influence of , 19

Feld , B . T ., 471

Femtometer , definition of , 215
Fermat , Pierre de , 78

Fermat 's principle , 78
Fermi , E ., 261 , 484 , 529

Fermi age solution , 553

Fermi pseudopotential , 529- 530, 553
Fernbach . S.. 360 . 370

Feshbach , H ., 264 , 360 , 364 - 366 , 380 , 392 ,
408 , 471

Feshbach , Porter , and Weisskopf , optical
model , 364 - 368

Fine -structure constant , 569

Fine Structure of electronic energy levels ,
241

Finite difference solution of Schrodinger
equation . 193 - 199

First Born approximation . See Born
approximation

Fissile nuclides , 485
Fission

activation energy for , 487 - 490

branching ratio for decay by , 495
degrees of freedom in , 283- 284
distribution of energy in , 496 - 497
kinematics of . 486 - 487

second chance , 496

spontaneous , 487

ternary and quaternary , 487
theories of , 498 - 506
unified model of , 504 - 506

Fission cross sections

departure from I Jv variation of, 491- 493
at high energies, 494- 496
at low energies, 490- 494

Fission fragments
angular distribution of, 498
decay of , 486

kinetic energies of, 496- 497
mass distribution of , 497 - 498 , 501 - 506
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Hooke 's law , 521 , 549

Howerton , R . J., 383 - 384

Huber , P ., 482

Hughes , D . J., 276, 448
Hurwitz , H ., 390

Hyde , E. K ., 489, 506
Hydrogen

atomic energy levels in , 241 - 243
coherent cross section of , 544

effective mass of , 532
free and bound cross sections of , 533

Hyperfine spectra and nuclear quadrupole
moments , 232

Impact parameter , 32, 44- 57, 177
Impenetrable sphere, cross section of,

190 - 193

Incident wave in scattering experiment ,
178 - 179

Incoherent scattering
in chemical region , 539- 548
isotopic , 539- 543, 547
spin , 543- 545, 547
thermal , 547 - 548

Independence , linear , 122
Independence hypothesis , 262
Independent particle models , 248
Index of refraction , 52 , 102

Inelastic gamma rays , angular distribution
of . 425

Inelastic scattering
in the chemical region , 524- 525, 548- 552
gamma rays from , 397 - 398 , 421 - 425

general behavior of cross sections for ,
404 - 408

Hauser - Feshbach theory of , 408- 416,
418 - 421

kinematics of , 395 - 404

parity conservation in , 410
threshold energy for , 395

Infinite potential step, condition on wave
function , 117

Infinite rectangular box
energy levels in , 119 - 123

parity of wave functions in , 234
Interaction , definition of , 1
Interaction models , 248 - 249 , 260 - 264

Interactions , channel spin analysis of,
325 - 328

Interactions between spinless particles,
analysis of , 284- 298

Interface continuity conditions , 111
Interference of probabilities , 136- 137
Internal conversion , 423 , 434

Intrinsic angular momentum . See Spin

Geiger , H . , 57

General theory of nuclear interactions ,

331 - 334

Generalized coordinates , 70 - 74

Generating function of canonical

transformation , 78 - 81

Germer , L . H . , 68

Goldstein , H . , 27 , 55 , 66 , 70 , 431

Goldstein , N . , 448

Gomolcak , L . , 391

Goudsmit , S . , 298

Grant , I . S . , 515 , 520

Graphite , scattering law for , 559 - 561

Gravitation , universal law of , 236

Gravitational constant , 567

Gravity , influence of Earth ' s , 19

Green ' s function

of Schr6dinger equation , 200

for slow - neutron scattering , 553

Groshev , L . V . , 437 - 442

Gross - structure problem , 360

Ground state of nucleus , definition of , 260

Group velocity of wave , 101 - 103 , 108

Guernsey , J . B . , 431

Gurney , R . W . , 133 , 467

Hahn , 0 . , 484

Ha  milton  ian

action , 77

dynamics , 73 - 75

function , 73

Ha  milton - Jacobi dynamics , 78 - 81

Ha  miltons

equations of motion , 73 - 75

principle , 76 - 77

wave theory of matter , 78 , 81 - 84

Hankel functions , properties of , 156 - 157

Harling , O . K . , 561 - 565

Harmonic oscillator

one dimensional , 126 - 127

three dimensional , 255 - 256

Hauser , W . , 408

Hauser - Feshbach theory , 408 - 416

application to calcium , 416 - 421

of cpo reactions , 472 - 478

Haxel , 0 . , 251

Heavy water , scattering law for , 561 - 565

Heckrotte , W . , 370

Heisenberg , W . , 69 , 95 , 138 , 240

Heisenberg ' s principle , 95 - 98 , 279

Henkel , R . L . , 498

Hermite polynomials , 127

Heusinkveld , M . , 253

High - energy cross sections , 288 - 289

Hodgson , P . E . , 391

Hollander , J . M . , 260 , 436
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Kalos, M. H., 420, 473
Katcoff, S., 497
Kinematics

of cpo reactions, 462-463
definition of, 3
of elastic scattering of neutrons, 350- 352
of the fission reaction, 486- 487
general development of, 30- 44
of inelastic scattering, 395- 404

Kronecker delta, 76, 336

Lagrange, J. L., 70
Lagrange's equations, 70- 73
Lagrangian function, 71
Lamb, W. E., 521
Lande, A., 137
Lane, A. M ., 332, 337, 385, 460
Lane, R. 0 ., 384
Langsdorf, A. S., Jr., 384
Laplace's equation, 200
Laplacian in spherical coordinates, 146- 147
Least action, principle of, 77- 78

Lederer , C . M ., 260 , 436

Legend re functions , associated , 151- 152
Legend re polynomials , 151- 152

expansions of elastic scattering cross
. sections in , 385 - 391

expansion of incident wave in , 181
relation to spherical harmonics , 321
Rodriques ' formula for , 151

Lepore , J. V., 370
Level density , 281- 282, 408
Level spacings

from neutron capture data , 449

Wigner distribution of, 283
Level widths

for elastic scattering , 344, 355- 358
for fission , 492 - 493

and lifetimes , 279 - 280

Porter - Thomas distribution of . 283 - 284

for radiative capture , 444 - 445 , 492
Levy , H ., 194
Liedtke , R . A ., 436
Lifetimes

of energy levels , 279 - 280

for gamma ray emission , 451 - 453
Light , speed in vacuum , 567
Lind , D . A ., 431

Lindsay , R. B., 66
Linear independence , definition of, 122
Linear momentum , conservation of , 21 - 22 ,

268

Liquid drop model , 248- 249
application to fission reaction , 498- 506

Liquids
energy levels in , 552

theory of slow -neutron scattering in ,
552 - 557

L - j couplin J!" 311
Logarithmic derivative of radial wave

function , 290

Lorentz transformation , 36

Low -energy neutron cross sections ,
287 - 288

for cpo reactions , 478- 482
for elastic scattering , 352- 353
for fission . 490 - 494

for radiative capture , 443 - 446

in solids and liquids , 524- 548, 552- 565
L- S coupling , 311
L -system , definition of , 26

Lustig , H ., 420, 472
Lutsenko , V . N ., 439 .

Lynn , J. E., 346, 494

Macroscopic cross sections, 8- 9
Magic numbers

effect on (n,y) cross sections , 448- 449

Intrinsic parity of fundamental particles ,
235

Inverse - r potential

Born approximation applied to , 204 - 205

solution of Schr6dinger equation for ,
163 - 164

Ionization potentials of atoms , 246 - 247

Isobaric spin , nuclear , 232 - 233
Isobars , definition of , 211

Isolated (n ,y) resonances , 443 - 445
Isolated resonance formulas

derivation of , 295 - 298

R- matrix theory of , 343 - 344

Isolated scattering resonances , 353 - 359
Isomeric transitions , 434 , 436 , 455
Isomers , definition of , 211

Isospin

conservation of , 269

nuclear , 232 - 233

Isotones , definition of , 211

Isotopes , definition of , 210 - 211

Isotopic incoherence , 539 - 543 , 547

Isotropic scattering

gedanken experiment , 13- 14

at low energies , 191 , 352 , 526

Jahnke , E ., 181

Jarvis , R . G ., 382

Jensen , J. H . D ., 249 , 251 , 273

j - j coupling , 311

Johnson , T . H ., 68

Joliot , F ., 209 , 484
Julien , J., 460
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effects and theory of, 249- 260
of nucleons in fission, 501- 504

Magnetic dipole moments)
anomalous, 220
definition of, 219
of electron, 299
of neutron and proton, 209- 210
of nuclei, 220- 223
Schmidt's model of nuclear, 220- 223

Magnetic field, influence of Earth's, 19
Magnetic multi pole quanta, 451- 455
Many-electron atom, 245- 247 .

Microscopic cross section , definition of,
4- 8. See also Cross sections )

Mittleman , P . S., 436
Modulus of reflection factor , 284 - 287

Moldauer , P . A ., 416
Molecules

energy levels of , 548 - 551
neutron scattering from , 552- 565

Momentum

angular . See Angular momentum
intrinsic angular . See Spin
linear . See Linear momentum

Momentum states in large box , 271- 273
Monochromatic wave

de Broglie , 106
definition and properties of, 99- 103

Monohan , J. B ., 384
Monopole strength of distributed charge ,

225

Mott . N . F .. 200 . 205

Mottelson , B . R ., 455 , 504
Multilevel multichannel R-matrix theory ,

345 - 346

Multiplicity of levels , 244- 246
Multipole components of radiation field ,

450 - - 451

NEARREX , 416

Negative -energy resonances , 492- 493
Nemirovskii , P . E ., 274

Neumann functions , spherical , 156- 157
Neutron

magnetic moment of, 209- 210
mass of , 209 , 567

radioactivity of , 210
spin , 209, 300- 306

Neutron absorption , 1/ v law of, 294
Neutron emission , degrees of freedom in ,

283 - 284

Neutron groups from inelastic scattering ,
404 - 407

Neutron separation energy , 213- 214
Neutron wavelength as function of energy ,

533

Neutron width , 296 - 298 , 355 - 358

reduced , 357 - 358

Neutrons , average number emitted in

fission , 503

Newton , I ., 69

Newtonian dynamics , 69- 70
Newton ' s laws of motion , 69 - 70

Nodes in radial wave function , 164

Nonelastic cross section . See Reaction
cross section

Nonlocal potentials, 371
Nonspherical potentials, 371

Margenau, H., 66, 98, 140
Marion, J. B., 430, 482
Marsden, E., 57
Mass

bound-atom effective reduced, 530- 532
red uced, 29

Mass defect, definition of, 212
Mass distribution of fission fragments,

497.-498, 501- 505
Mass-energy. conservation of. 268
Mass-energy balance in nuclear reactions,

269- 270
Mass number, definition of, 210
Massey, H. S. W., 200, 205
Mathematical symbols, 569
Matrices, Pauli spin, 302- 303, 306-308
Matrix, collision, 325, 335, 338- 339,

343- 345
R, 340-346
U. See Collision matrix
unit, 304

Matrix mechanics, 69
Maupertius, Pierre de, 77
Maupertius' principle, 77
Maximum cross sections, 286-287, 330-331
M ~ywPI1i~n form of inelastic neutron

spectrum, 406-408
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Mesons, and nuclear forces, 240, 254
Messiah, A., 234
Method of partial waves, 181- 192



580 INDEX
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of rotational states , 455

of system of particles , 235

Parity conservation , 268 - 269
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decay , 312 - 317

formalization of , 317 - 318

in inelastic scattering , 410

Partial waves

method of , 181 - 192 , 284 - 298

spectroscopic notation for , 182

Partial width of energy level , 279
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wave equations , 304 - 306

wave functions , 301 - 306
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definition and table of , 291
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Phase shifts
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complex , 284 - 287
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133 - 134
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Phase of wave , definition of , 99
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Phonon spectrum . See Frequency spectrum

Photoelectric effect , 84
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Nonthermal neutron capture, gamma rays
from, 441, 458-460
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Nuclear charge and mass density, 216-217
Nuclear forces, 235-240

charge independence of, 211
Nuclear interactions, general theory of,

331- 334
Nuclear magneton, 220
Nuclear mass, 212-217
Nuclear models, 248- 260
Nuclear parity, 233-235
Nuclear properties, 210-235
Nuclear quadrupole moments, 223-232
Nuclear radii, 215-217
Nuclear shell model, 248-260
Nuclear spin, 217- 218, 298- 308
Nuclear temperature, 408
Nucleon number, definition of, 210
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Number density, definition of, 4
Numerical solution of Schrodinger

equation, 193- 199
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One over v law, 294
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Pauli form of quantum, 304- 306
for spin, 302- 303, 306-308
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penetrabilities, 363, 411
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Overlapping resonance region, 446-447

Pair emission, 423, 435
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definition of, 233-234
of fundamental particles, 235
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Planck's hypothesis, 84
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Point charge, electrostatic moment of, 225
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and commutator, 91
definition and properties of, 75- 76

Polar degeneracy in Coulomb potential,
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of beam by double scattering, 251- 254
of scattered neutrons, 379- 382
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Legend re. See Legend re polynomials

Porter, C. E., 264, 283, 364- 366
Porter- Thomas distribution , 283- 284, 459
Posener, D. W., 516
Postulates of wave mechanics, 90- 95
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absorptive, 369- 370
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common, 18- 19
complex, as sink for probability density,

176- 177
effective, 62- 63
between fission fragments, 488
nonlocal, 371
nonspherical, 371
refinements of optical model, 368- 372
Saxon- Woods, 369, 373
spin- orbit , 370- 371, 373- 374

Potential barriers, quantum mechanics of,
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scattering
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energy levels in one-dimensional,

119- 133
Pre~ton. M. A.. 339. 345- 346
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in inverser potential, 164
in periodic table, 244- 247
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in derivation of elastic cross sections,
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derivation of expressions for, 173- 175
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in one-dimensional potential barrier,
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identification of , 92
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of , 99
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of nuclei , 210 - 235
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Proton energy levels in 27 AI , 259

Proton separation energy , 213 - 214

Pseudopotential , Fermi , 529 - 530 , 553
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definition of , 182

resonances , 358 - 359
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Quadrupole moments , 223 - 232
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Quantum theory
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" old , " 84 - 85
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of ( y , n ) reaction , 426 - 427
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of ( n , 2n ) reaction , 426 - 427
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Radial Schrodinger equation

derivation of , 146 - 147 , 153

numerical solution of , 193 - 199
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reduction to spherical Bessel equation ,
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Radiative capture

direct , 450

kinematics of , 433 - 434

Radiative capture cross sections , 443 - 450

variation with atomic mass , 448 - 449

Radiative capture width , 443 - 445

Radii , nuclear , 215 - 217

Radioactive alpha decay , 133

Radioactivity of neutron , 210

Ray , J . H . , 420 , 473

Reaction cross sections , 264 - 267

Breit - Wigner expressions , 292 - 293 , 329
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in nucleus, 455-456
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definition of, 26 Schrodinger equation
derivations of, 86- 90

transformation of cross sections from ,
58 - 61

Runge and Kutta , method of , 194
Russell - Saunders coupling , 311
Rutherford , E ., 57 - 58
Rutherford cross section

classical derivation of , 55 - 58

quantum derivation of , 204 - 205

Rutherford scattering , 55- 58, 204- 205
Rutherford 's nuclear model , 84

Saddle point leading to fission , 500- 506
Sailor . V . L .. 493

Saturation of nuclear forces , 239 - 240

Saxon - Woods potential , 369, 373
Scattered wave , description of, 179- 180
Scattering . See also Elastic scattering ;

Inelastic scattering
coherent , 532 - 539

compound elastic , 288
by inverser potential , 55- 58, 204- 205
isotopic incoherent , 539- 543, 547
at low neutron energies, 525- 529
by rigid sphere, 190- 193
shape elastic , 288
spin incoherent , 543- 545, 547
thermal incoherent , 547 - 548

wave -mechanical description of , 177- 181
Scattering amplitude

Born -approximation expression for , 202
introduction of , 180

at low neutron energies, 526- 528
partial wave expression for , 185

Scattering angle , definition of , 10
Scattering cross sections . See Elastic

scattering cross sections ; Differential
elastic cross sections

Scattering law (s)
definition of , 557 - 558

graphite , 561
heavy water , 564 .

Scattering lengths )
algebraic sign of , 544- 545
definition of , 527 - 529

table of nuclear , 546

Scattering matrix , 378- 382
Scattering resonances , 159- 162, 353- 359

Doppler effect on , 518- 520
one -dimensional , 128 - 133

Schmidt , T ., 220 - 222
Schmidt diagrams . 220 - 222

Schmidt limits , of magnetic moments , 222
Schofield . P .. 559

Schrodinger , E., 69, 138- 139

for channel reaction , 338

channel - spin analysis of , 327 - 328

optical model expression for , 362

partial wave derivation of , 285 - 286

Reaction width , 296 - 298

Reactions , in the chemical region , 524 - 525

Real potential well model of nucleus ,

261

Reciprocity relation

application to inelastic scattering , 412

channel to channel , 339

derivation of . 270 - 271

Recoil of nucleus following gamma ray

emission , 434

Rectangular potential well , 123 - 126

Recursion formula . 196

Reduced mass , definition of , 29

Reduced mass effect , 530 - 532

Reduced neutron width . 340 . 342 . 357 - 358

Reflection factor . See also Collision matrix

calculation of , 289 - 292

definition of , 284

optical model average , 361

Reflectivity of potential step , 118

Relative speed of particle beams , 7 - 8

Resonance area , invariance of to Doppler

effect , 517 - 518

Resonance center , shift in peak of by

Doppler effect . 523

Resonance energy , observed , 296

Resonance formulas , R - matrix derivation

of , 343 - 344

Resonance parameters for low lying levels

in fissile nuclides , 492

Resonance shape , Doppler effect on , 512 - 520

Resonances , scattering , 353 - 359

Resonances in measured cross sections ,

276 - 277

Ribe , F . L . , 482

Rigid rotator

diatomic molecule as a , 548 - 550

nucleus as a , 455 - 456

Rigid sphere , cross section of , 190 - 193

Ring charges , quadrupole moments of ,

226 - 227

R - matrix theory , 340 - 346

Rodriques ' formula for Legend  re

polynomials , 152

Rojansky , Y . , 140 , 149

Root - mean - square deviation , 97

Rose , M . E . , 309 , 346 , 515

Rotational levels

in molecules , 548 - 551
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Smith, A. B., 384
Solid angle in spherical coordinates,

14- 15
Solids

Debve model of, 521- 522, 551- 552
Einstein model of, 521, 551- 552
energy levels in, 551- 552
equivalent temperatures of, 521- 522
theory of slow-neutron scattering in,

552- 557
Space-time correlation functions, 556
Space-time theory of slow neutron

scattering, 552- 557
Spacing between energy levels

in diatomic molecule, 550- 551
in hydrogen atom, 241- 242
in nuclear shell model, 254- 256, 259
in one-dimensional wells, 121, 125- 127
Wigner distribution of, 283

Spatz, W. D. B., 448
Spectral density function. See Frequency

spectrum
Spectroscopic notation for partial waves,

182
Sphere, cross section of rigid , 190- 193
Spherical Bessel equation, solutions of,

155- 157
Spherical Bessel functions

integral representation of, 181
properties of, 156- 157

Spherical charge, electrostatic moments of,
225- 226

Spherical coordinates, solution of
Schrodinger equation in, 146- 153

Spherical Hankel functions, properties of,
156- 157

Spherical harmonics, 319- 324
Spherical Neumann functions, properties

of, 156- 157
Spherical square well, solution of

Schrodinger equation for, 154- 162
Spin

incoherence, 543- 545, 547
nuclear, 217- 218
operators, 302- 308
Pauli 's theory of, 299- 306
pictorial representation of, 300
quantum description of, 298- 308
quantum numbers, 218, 319
wave functions, 300- 308

Soin doublet
atomic, 243
nuclear. 253- 254

Spin-orbit coupling, 311
Spin-orbit force, experimental evidence for

nuclear, 251- 254

numerical solution of, 193- 199
Pauli form of, 304- 306
solution for inverser potential , 163- 164
solution in spherical coordinates , 146- 153

Schiller , H ., 220
Schwartz , R. B., 276
Scission , 486
Seagrave, J. D ., 383
Second-chance fission , 496

Segre, E., 502
Selection rules for gamma ray emission ,

453- 455
Self-correlation function , 556
Semiclassical theory of alpha particle

emission , 464- 468
Separation energies and shell structure , 250
Separation energy

of neutron , 213- 214, 395
of proton , 213- 214

Separation of Schrodinger equation
in one spatial dimension , 104- 105
in three spatial dimensions , 144- 147

Serber , R., 360
Shape elastic cross sections , 265- 266. See

also Elastic scattering cross sections ;
Differential elastic cross sections

Shape elastic scattering , definition of , 288
Shape elastic scattering amplitude ,' 293- 297
Shapiro , M . M ., 470
Shell model

application to fission reaction , 501- 504
of atom , 244- 247
of nucleus , 246- 260

Shell structure , experimental evidence for
nuclear . 249- 250

Shift factor
in Breit - Wigner formulas , 296- 298
definition and table of, 291

Shift of resonance center due to Doppler
effect, 523

Shore , F . J., 493
Shortley , G . H ., 152, 322
Shull , C. G ., 546
Silk , M . G ., 483
Simmons , J. E., 383
Simon , A ., 322, 412
Simple harmonic oscillator

one dimensional , 126- 127
three dimensional , 255- 256

Simple harmonic vibrator , diatomic
molecule as, 548- 549

Sink for probability density , 176- 177
Slow -neutron -induced cpo reactions ,

478- 482
Slow neutron scattering . See Low -energy

neutron cross sections
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Van Hove, L., 553
Van Hove theory, 552- 557

Spin -orbit potential , 243
in optical model , 370- 371, 373- 374

Splitting of degenerate energy levels,
241 - 243 , 255 - 257

Spontaneous fission , 487
Square well potential

classical scattering from , 50- 55
energy levels in one -dimensional ,

119 - 125

energy levels in three -dimensional ,
154 - 159

optical model cross sections derived
from complex , 364- 368

quantum scattering from , 159- 162
Standard deviation , 97

Stark effect , 241

Stationary states, early quantum theory of,
85

Statistical factor in compound nucleus
formation , 315 - 316

Statistical model , 248 - 249 , 282

in inelastic scattering , 409- 411, 413- 414
Statistical theory of gamma ray spectra ,

456 - 460

Statistical weights of constellations , 271
Stehle , P ., 70

Strassman , F ., 484

Suess , H . E ., 251

Superposition of quantum states, 134- 137
s-wave scattering

definition of , 182

at low neutron energies, 526- 529
resonances , 358 - 359

Symbols for neutron cross sections ,
265 - 267

Symmetry
of collision matrix , 339
of resonances , 493 - 494

Szilard , L ., 261

Taylor , H . L ., 431
Taylor , T ., 360
Temperatures )

equivalent , of solids , 521- 522
nuclear , 282 , 408

Tensor force . 236 - 239

Ternary fission , 487
Terrell . J .. 497

Thermal equilibrium , and reciprocity ,
271 - 273

Thermal incoherence , 547 - 548

Thomas , R . G ., 283 , 332 , 337 , 385

Threshold , apparent , for fission , 489 - 490

Threshold energy

for cpo reaction , 463
definition of , 269 - 270

for inelastic scattering , 395
for (y,n) reaction , 426--427
for (n,2n) reaction , 426--428

Time reversal , 339

Torque on magnetic dipole , 219- 220
Total neutron cross section

composition of , 266
measured behavior of , 289

Total width of energy level , 279 - 280 , 296
Transformation

of cross sections from R- to L -system,
58 - 61

of Legend re polynomial expansions ,
389 - 391

of velocities , 36

Transformation matrix , 389 - 391

Transition diagrams , for capture gamma
rays , 438 - 442

Transition probabilities
for collective transitions , 455

for gamma ray emission , 451 - 453

Transitions between stationary states,
94 - 95

Transmission coefficients . See

Penetrabilities

Transparency
of Coulomb barrier , 465 - 468

definition of , 110

of one-dimensional potential barriers ,
108 - 115

Troubetzkoy , E. S., 387, 420- 421, 423, 424,
473 - 475

Trupin , B. H ., 420, 473
Turchin , V . F ., 511 , 565

Turning point , 50, 53, 57
Two -level resonance , cross section for , 344

Two -particle wave equation , 144- 145

Uhlenbeck , G . E . , 298

Uhlenbeck - Goudsmit hypothesis , 298- 299
Ulehla , I ., 391
U matrix . See Collision matrix

Uncertainty
in orbital angular momentum , 167
in preparing beam , 177- 178

Uncertainty principle , 95- 98
and compound -nucleus model , 261- 262
and nuclear level widths , 279

Unitarity of collision matrix , 338



INDEX 585

408-416
Wolian, E. 0 ., 546

Vector addition coefficients . See Clebsch -

Gordon coefficients

Vector model of angular momenta , 170 - 171

Velocity distribution , Maxwellian , 509 - 510 ,

521 - 522

Vervier , J . , 460

Vibrational levels

molecular , 548 - 551

nuclear , 455 - 456

Vibration - rotation levels , diagram of , 551

Virtual levels

in compound nucleus , 277 - 284

one - dimensional , 128 - 133

in spherical square well , 162

Voight , W . , 515

Voight profile , 515

Volume , specific , of nuclear matter , 215

Wave equation . See also Schr6dinger

equation

classical , 87

derivation of Schr6dinger , 86 - 90

Ha  miltons , 81 - 82

Wave functions . See Eigenfunction ( s )

Wavelength , definition of , 99

Wavelength of neutron , as function of

energy , 533

Wave mechanics , postulates of , 90 - 95

Wave number inside nucleus , 263

Waves in one dimension , 99 - 103

. Weisskopf , V . F . , 264 , 273 , 281 , 325 , 346 ,

360 , 364 - 366 , 406 , 408 , 451 , 460 , 466 ,
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Well strength and bound states in spherical

square well . 159
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coefficients
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