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Preface

For many years the Society of Dyers and Colourists has been aware of the need for a book covering
the basic science and technology of textile coloration for the benefit of readers without a detailed
scientific background. In the mid-1980s the late Dr Frank Jones of the University of Leeds started to
write such a book, but sadly he died before he could complete this worthwhile task. The torch was
then passed to me, with the brief to prepare a work for those who probably lack science
qualifications at A-level but who nevertheless need to become familiar to some extent with the work
of the professional colourist. The target readership included people working in nontechnical
capacities in industry, and students of home economics, textile design and management. The aim is
to introduce such readers to the relevant technological background and the basic principles of
coloration, and show how colour is assessed objectively in modern industry.

I am grateful to several people for their assistance, including Paul Dinsdale (the Society’s
editor), Jean Macqueen, for her expert editorial work on the manuscript and index, and Carol Davies,
for painstaking typesetting and layout. I also acknowledge the Textile Institute, Manchester, for
permission to reproduce Figures 4.12, 4.13, 6.7, 6.9, 6.10 and 6.12, and Miss B Lomas of the Textile
Technology Department, UMIST, Manchester, for permission to reproduce Figures 4.1 and 4.2, and
for kindly providing suitable copies.

WILFRED INGAMELLS

v



Elsevier
Radarweg 29, PO Box 211, 1000 AE Amsterdam, The Netherlands
The Boulevard, Langford Lane, Kidlington, Oxford OX5 1GB, UK

First edition 2007
Copyright © 2007 Elsevier B.V. All rights reserved

No part of this publication may be reproduced, stored in a retrieval system
or transmitted in any form or by any means electronic, mechanical, photocopying,
recording or otherwise without the prior written permission of the publisher

Permissions may be sought directly from Elsevier’s Science & Technology Rights
Department in Oxford, UK: phone (+44) (0) 1865 843830; fax (+44) (0) 1865 853333,
email: permissions @elsevier.com. Alternatively you can submit your request online by
visiting the Elsevier web site at http://elsevier.com/locate/permissions, and selecting
Obtaining permission to use Elsevier material

Notice

No responsibility i1s assumed by the publisher for any injury and/or damage to persons
or property as a matter of products liability, negligence or otherwise, or from any use
or operation of any methods, products, instructions or i1deas contained 1n the material
herein. Because of rapid advances in the medical sciences, in particular, independent
verification of diagnoses and drug dosages should be made

Library of Congress Cataloging-in-Publication Data
A catalog record for this book is available from the Library of Congress

British Library Cataloguing in Publication Data
A catalogue record for this book 1s available from the British Library

ISBN-13: 978-0-444-52830-8
ISBN-10: 0-444-52830-X

For information on all Elsevier publications
visit our website at books.elsevier.com

Printed and bound in The Netherlands

0708 09 1011 10987654321

Working together to grow
libraries in developing countries

w.ﬂlﬂﬂ‘r’iﬁl’.[:ﬂ'ﬂ'l | W"‘b\’.bl}ﬂkﬂid.ﬂfg | umv.:iabrf:.ﬂrg

— Ty T 1 '-._"} L F J i, - ’ T .
ELSEVIER POOKAIL  qahre Foundation




Contents

PIERICE o5 v a5 0ah vas 2%k Tk 005 v 0 295 Juh vas 4% @ 2s ek TaE SeR s Teh ien 1e% X111
AELROWIBHBIRERS o voove sromnam wame e soaie G @ @8 G SRR RN I9A WAE SRR SYeTE ROGTETR SR MR SEE: XV
Recommendations to the Solution of the Physical Problems . . ... ..................... XVl
1 Mechanics . .. ... . e e e |
L1 Introduction. . . ...ttt e e e e e e e 1

L:2- KIealits v sonan a7 v 305 06 B95% 165 Uk Fel 76 5o vam a9 Veilai 56 v ies 1
1.2, KmeMEHeySHAMaIBHal POINE «x s g sam o e v LR S0 By P R 1

1.2.2 Kinematics of translational movementof arigidbody .................. 12

1.2.3 Kinematics of the rotational motion . . . ... ... ... ... . ... ... ... . ... ... 12

1.3 DYNAIMICS . .. ottt e e e e e e e e e e e e 16
1.3.1 Newton’s first law of motion: inertial reference systems. . ... ............ 16

1.3.2 Galileo’s relativity principle: Galileo transformations. . ................. 18

1.3.3 Newton’s second law of motion: Momentum . . . ...................... 20

Lodad “Tligs tht] INSOTEOTOREE BN = oo 5 oo onem wave s iy wisin Soave aps Somme ey sl oate Mo 29

1.3.5 Forces classification in physiCS. . . ... .. . i e 29

1.3.6 Noninertial reference systems. An 1nertia force: D’ Alembert principle. .. ... 33

1.3.7 A system of material points: internal and external forces . ............... 35

1.3.8 Bpecification of a miatérial POImts SYSRM ;o vs vos vew v vl sse vy 565 2 39

139 Thedynamilcs OF fOIAUOHRL TIOHBH -« vas won v wam s s v as wes s v 40

1.4 Work, Energy and Power. . . .. ... . e e J1
1.4.1 Elementary work of aforceandatorque ............................ 51

L2 POWEE: o5 i0k 0e3 56l il 2o bk Hed Sak W G0 Te% e e 5.a S 85 5l 53

143 KWBUE CNREBY sux vy soe 5a o DEE 08 25 Fa W DN oo o weE dul 2o 54

Ldd -ASOPCE BRI . wan v ssam ton wam sssin woars svene oo o SRR Sualie GOSRGUE SR SYES TGS 58

L.y, POl eneriy ... cos sows an woan wies 0w wows o5 0 G R0 G R R 61

1.5 Conservation Laws in Mechanics. . .. ... . i 67
1.5.1 Conservation law of mechanicalenergy . ........ ... ... .. ... ... ....... 67

[ :5:2 ‘Momentum. conservalion 1awW .. vas vaii v o6 Se5% 7% ©a% T a5 57 3% 5 69

15,3 -Angular MOMSNiT CONSSIVATIO 1AW o can on vy vy v smives vy psw aws 71

L34 POIEINalCHINEE v o voom wis s wimon woarm wBm W Mo SORR RS WA WEES WIRTR RENE 74

1.5.5 Particle colliS1ons. . . .. .. . e 79

1.6 Einstein’s Special Relativistic Theory (STR) (Short Review) . . ................. 90
Problems/Tasks . . . . .. .. o e 97
ADSWRIE: - o0 can Tas 16 4 TaR o vas I 599 Teh Ve YRS W s R s e R TeN ik Res 101

2 'Oscillations and WaVeS .. v asieoiee s iaR deveeiae vt ieeiee vioe OnT vee 105
2ol DRERRIROAE: my sanis wusy sien wodn i W VRN VRN VAUE Bh VDS PN RN DR VAT VRN RS 105
2.2 Kanenmanes ol BatiniS ORCIIaRENE. «« wos smm vaew s wmes wwm v o wies Sw v 106
2.3  Summation of Oscillations. . .. .. ... . . e 113



V1

Contents
2:3.1 Summation of codirectonal OSCIMIAHONS. «. wum e vem s somm 5 » o B s L3

2.3.2  Summing up two codirectional oscillations with slightly different
frequencies: beatings . . . ... ...t e 117
24 Dynamicsof the Harmonic OsGIlation . i: e veis s i i sain vl o 8 69 660 wais » 118
2.4.1 Differential equations of harmonic oscillations. . . ... .................. 118
282 SOUIND PEYININI coox soum somw s s smm w50 wieesSs @R W6 S0 4 G55 SE S50 | 118
2.4.3 The mathematical pendulum ......... ... .. .. .. ... .. . . . . 119
244 Aphysical pendulum . . ... .. 121
2.4.5 Diatomic molecule as a linear harmonic oscillator . . . .................. 129
255 “Enetey ol Hamhoins OCLI00S o6 o s vy vove movas sn ool 598 55 94 Ui 599 » 131
28 Danped OSEIRUBNG : v vas won csm 05 s v e AR O REDY KGN SR WA BN HEN W 133
2 FOreelCNBIANNEE - « o mwm wons o sy wems BN SaPE SN K TG RN CHUE S O SN EIATE 138
2 B NV . L e e e e e e e 145
2.8.1 Introductory remarks . . . ... ... . e 145
282 An equation of 4 plane aveling WaVe ' v o s v vai 955 6 695 en ves » 147
253  WRVEBHSIBY o on cue e s oo wam oma e L e SRS SR SR L WS GRS 151
2,88, Aconsic DOpRIBrSHIont « cos wn mus smom somn s s s sopm 6% 6458 s0w0 00w 5 154
2.9 Summation of Waves . . . . ... e e e 156
2.9.1  Superposition Of Waves . .. ... ...ttt e 156
292 S0P WaVes i i ved tak U Ll 1e Vel ek el L el Sk A LS 19l Tl | 157
295 SO UMNONE v cos povan D VN SO0 B8 VA0 DR EoN DR Bl NEE e 19 § 160
294 Group velocity of waves! wWave package . .. v vn s s auw s 5 on s wae s 163
Prol e SRR e wwame 50 5oams mmm woie emmn 60 e RO ST SER K TGS AN R U WIS EIATE 165
N 8 P 166
NVIOIECTIRE PINSICE i et its con vas e via s coneden s oo idnaniaGe g coe s 169
3.1 Kinghc Theory of Ideal GaRes . vox i vuin v v 5% 09 2uh D@ 265 0 299 CEn oo » 169
3l Intreductory Temarks ox con o wan own swe wee s wes oamE See 0 9E% SR S 169
312 INSOBINON IUCEIONE wn somw an omes am soams v son WIS WIR0E S0 ol GHEE RININ SOREN b 172
3.1.3 Anideal gasmodel ... ... ... .. ... 174
3.1.4 General equationof anideal gas. . .. ... ...... ... .. 0.t 175
318 Absolute IeMPeratile o s s 6 Ll 105 Sed e d o Lad bel Sa0 0k 1o ek el ) 177
3.2 Distribution of Molecules of an Ideal Gas in a Force Field (Boltzmann Distribution) . . . 178
3.2.1 Anideal gas in a force field: Boltzmann distribution .. ................. 178
Sl DOt TOMIIERE < s v soice eass sume iy wEm BaN GRS K B0 SN O » 180
3.23 Centrifugalion . . ... .ottt e e e e e 183
3.24 Boltzmann factor . . ... ... e 185

3.3 Distribution of the Kinetic Parameters of an Ideal Gas’ Particles

(VBRI DABEIBHEOR) & cave oo e o wam owm svatie st s 5908 P SRR G4 WA SRTE SR § 186
3.3.1 The Maxwellian distribution of the absolute values of molecule velocities . ... 186
3.3.2 The kinetic energies Maxwellian distribution of molecules. . ... .......... 193
3.4 First Law of ThermodynamicCs. . .. .. ... ...ttt e e et e 194
3.4.1 Equipartition of energy over degrees of freedom ...................... 194
342 Eirst 1aws oI erodyiismmies.:: s von son o 50d ol 598 5 545 UeE 290 § 195
3.4.3 Heat capacity of an 1deal gas: the work of a gas in 1soprocesses. . ......... 197
344, Heatcapacity: Iheory-VersuS EXPEIIEHE. o o wo sec e some s » w0 sowms wamm » 204
3.5 The Second Law of Thermodynamics ... ......... ... i iinennnan. 205

3.5.]1 Heat engInes . ... ..ottt et e et e e e 206



Contents
A0 THEL ATV BTEIEL raw wes we weor swem cupe o o ST SO OUEE SN SHGT SoRk ER
3.5.3 Refrngerators and heat pumps. . . . ... ...
3.5.4 Reduced amount of heat: entropy . . .. ... ..ottt
3.5.5 Clausius mnequality and the change of entropy for nonequilibrium processes. . .
3.5.6 Statistical explanation of the second law of thermodynamics . ............
337 Entropyan( QSOTHET : cus o v msew soes sme an e simm o sivals R SR K
3.6 A Real Gas Approximation: van der Waals Equation . . . . .....................
3.6.1 Anequationof stateofavanderWaals gas . . ......... ... ... ... .....
3.6:2 Titernal enetpy Of thie van der Waals Bas: oo v o sen v vaiw o iab d67 w308 v
%63 A IJoRe-ThOHBGIEIEEE o s v van vas oo 5o W VO o0 P SER SRS e
3.7 Elements 6F PhYSICALKTHEHE . (oo caw on wnon woie s wh wnon s @i 6 & 55 WA0% W0 @t
NeTl:  JROTERIRHII v v mnew swoms 5o % doy DWE EAPE I S6 WIER SN WATE B N TS e R
3.7.2 Transport processes: relaxation. . . . ... ... e
3.7.3 Transport phenomena inideal gases............ ... ... iiiiean....
3.7.4 A macroscopic representation of a transport coefficient . ... .............
3ok INHEOR I EISEE cin wan i van oare sam e TR SR e 5 % ST e TR
370 HEGETANSIEE « wuv s sowrs s waos soes wrs wvw ub WS A0 230 RS RN SR L
3.7.7 Viscosity or internal friction. . ... ... .. e
3.7.8 A transport phenomena in a vacuumcondition. . . .. .......... . 0.
Problems/ Tasks: sen sas ik tuk D0 el @ 508 1k il 5as @ Lk 08 el W 5.8 fak il 55
ATBWEIS: v v v solowds WEE TN 590 o Wl Wd SO e e WEH LN Fee e N SN pe
% DiElectnc Propertits Of DUDETIIEEE o xemisms-amn 008 Gumeapainw s s Sunnaices s s
4.1 Electrostatic Field . . .. .. .. e e
4.1.1 General laws of electrostatiCs. . . . ... ... .ttt
4.1.2 Strength of an electrostaie Tield: s s vas oa v a0 v v ves i dei e e
ol 3 ThEGRUESIAN van cam wate o wiin soms oo e G0 @505 S90e Wale LIRRIEN WY S SN
4.1.4 Work of an electrostatic field force and potential of an electrostatic field . . . .
4.1 Blesttreal field ol aelestrtit POl « o omo o o s wmen vous swos e s s e
4.2 Dielectric Properties of Substances . ... ........... ... . . .. ...
4.2.1 Conductors and dielectrics: ageneral view. . ... ...... ... ... ...
4.2.2 Macroscopic (phenomenological) properties of dielectrics . .. ............
4.2.3 MISIGEEGPIC oDt O AIRISEIICE v cam i % s vy wmve @A 575 WADS SRS
4,24 Threetypes of polartzation mMEChaDISIIS . couw s » s s e oo w0 e S s
4.2.5 Dependence of the polarization on an alternative electric
fleld frequency . . .. ..o it e e e
4.2.6 A local electric field in dielectrics. Lorentz field . .....................
LT ElausiuS-NIGEEO TOIIRIE o« oo vise wa sav oa wims es WER DRIV WETE VRN WA
4.2.8 An experimental determination of the polarization and molecular
BIECICT RIS IS . o oo e SO SR 5 G MIGK oS BWCCNE N K
Problems/ Tasks . . . . ... e
ANEWEYY: © o6 Hok el Sas el Lk HeE el @ 508 1k el ias @ LR 008 ien Vas ol 1% 5l Sak
3 MEATNBHES . v cren swmsmimng SR s wemmem Se GRS S e e R S S
5.1 LGeneral Charactenshcs of the Mapaetic Pield .« con o » o s wam o an v soave s
5.1.1 A permanent (direct) electric current . . ... ... ...

5.1.2 A magnetic field induction. . . . ... .. e

Vi1

207
210
211
214
219
220
221
221
226
227
230
230
230
23]
233
235
237
238
243
245
247



Viil

Contents
2.1.3 The lpwecobatotal cnrrent (ampere W] .o wos v sea sowve o s » o s wms » 318
5.1.4 Action of the magnetic field on the current, on the moving charge . . . ... ... 320
5.1.5 A magnetic dipole moment in a magnetic field. . .. .................... 327
516 Electromagnetic MAUCHON i i cwin van vais 595 03 2uh SEH 265 7 599 LEn vas 328
52 -Maghetic Properties. of Chefiical SUbSEHERs  : cww voman wan swm s an 0 a5 snsg soste 3 331
5.2 OIS MBDIBHSIN o soum womw s s s oo wiee s0s WEN WIEE RO A AR BRI S b 332
5.2.2 Macroscopic properties of magnetics . . ... ... ot 333
5.2.3 An internal magnetic field in magnetics . ...... ... .. ... . . 334
5.2.4 Microscopic mechanism of magnetization . .........covv v reenens 336
33 “Nasieh Gy OEoeiet DI cun o o wes ey voe movass SEE ER DR BE R U 190 b 344
3.51 EoroMAEneilim . cuw wan wew on smn v wa R N SA SR EEN W B 60N VS S 344
332 Domains: magnetization of ICrmomMAaBNeles. «ox v sen soave was s » ws o e » 347
5.3.3 Antiferro- and ferrimagnetics . . . . ... ... . 349
5.4 Displacement Current: Maxwell’s Equations . .. ......... ... .. .. ... ... ...... 350
Probleins! Tasks von vas w595 vun vas 26% 0 2w 0% o 5% 99 2eh vas 6% e T e v 358
ANSWEES . o0 e o wave 0 @0 ane S TG 9 SRS SR SSEE GENEIETE SRR S NG W0 WA G S9EG 360
Wave Optics and Quantum-Optical Phenomena. . ... ......................... 361
6.1 Physics of Electromagnetic OpHcal WaVEE. i vun www s mw simm srom s @ as sow s » 361
6.2 AnInterference . ... ... ... i e e e 369
6.2.1 Superposition of two colinear light waves of the same frequencies. . ....... 369
622 Intecfetence inthitiTilibs 5 ou 505 s vos s 567 var 7% 06 a6 T v 3 370
B3 -BIISEHOM. o sonn oo vas v wan ve o6 00 ey W SRINATE WISY VIR RO D6 WA IS VR S L,
6.3.1 Huygeiis-Frespel-prineiple: Fresnel 20068 « o wn v wam v s s s s 5 378
632 DPiracton o G TECtAmEUIESHE &« wua cam v v v e soE g ¥ 58 S ST 379
6.3.3 Diffraction grating . . . . . ... . e e 381
6.3.4 Diffraction grating as a spectral instrument .......................... 383
630 XAV OHITIECHON vun van vos o Tw 6 T GE% 99 Tu5 UEE 165 0 597 Eh wals 385
Gl  Polanuiiiifl . oo s wan s wam o o 0% b e G R SRE KRR G DR S0 SSes 386
0:4.1 Polanized BohtyAERMOONS . oo s sim s s ss mu somm 5o a8 @5 500 0% 5 386
0.4.2 Malus [aw . ... . 387
6.4.3 Polarization at reflection: Brewster’'s law . . .. ... .. .. ... .. . . ... ... 388
644 Rofation of the-polarizalion PIane: « cox svi s ios 567 w6 o5 o6 590 oa% vaie 3 389
645 DBoteintiveliee: & Nichiol Brisi « s vey voe v Sen ol 598 5e B UeE 1990 3 391
6§35 DiSpESiai Bl LAPHL . ¢ .x v i cas ws suen e SR SRS RN WA KeY R 5 WA WA W 395
B8 “EheOuantintEOptical EREmEmIEIE «x s v s euns s oy v e sswE 6 w6 S S8 » 398
6.6.1 Experimental laws of an ideal black body radiation . .. ................. 398

6.6.2 Theory of radiation of an ideal black body from the point of view of
wave theory: Ravleieh—Jeans Tormula : van o o sun e v o6 590 060 o » 402

6.6.3 Planck’s formula: a hypothesis of quanta—intensity of light

from wave and quantuny POIS 0F VIEW, v v ss wwrs sism s s o as sows s » 404
6.6.4 Another quantum-optical phenomena. .. ............ ... ... ... 407
6.7 The Bohr Model of a Hydrogen Atom . . . ... ... . . .. 416
Problemsi TaskS ioi e i 5.0 5ok ied 555 U G008 1o el ek ol K bed Sas U L el va i 421

DNBWEEE - wies DS 58 56 bass e TN Dall 58 LUEE D0 SN SReunh WEn SN SEe e Sash UVE SEiE i 4272



Contents 1X

7 Elements of Quantum Mechanics . . ... ... .. .. . . 423
7.1 Particle-Wave Duality . . . . ... . e 423
7.1.1 De Broglie hypothesis . . ... ....... .. e, 423
7.1.2 Electron and nettrom Jiffrachion: con san ves g 5 am van v 0 i g e v 424
74 Hesenbéry § LNcErtnnty POBCIPLE i wax swm sen on wan onss sam s an o@s oms e 428
7.3 Wavehunction and the Schridinger BEQUation . .« ... cu 6 s s wun wow s ses s s 432
T.3.1 A wavefunction . .. ... e e e 432
7.3.2 The Schrodinger equation . ... ..... ... ...t 433
7.3.3 Standard requirements that the wavefunction shouldobey ............... 434
7.4 Most General Problems of a Single-Particle Quantum Mechanics .. ............. 435
Ttk STIREPAHEIE cun vav wan i 5 e TR W R IR RATE RGN VTR A B WD SRS 435
T2, SAparhicle i PetRl DO, « o sum cwe wom s ms STave e S SIS SN SR 436
7.43 Apotential Step . . . ... e 441
7.4.4 A potential barrier: atunnel effect . .. ....... ... ... ... .. ... ... ... . ... 442
.45 ‘Tonnel effect in chemiBinY . ¢ a0 vun vai ve% 0 2w DS veis 5o as vuh aEs 2es 445
7 ‘The HydrogehiAtoi « oo onm s in wan oo s sem o S90% S5 S G000 @8 TFT SRR BR0G 447
7.3.1. 'The Shrédinger equation for the hydrogen atom. ... .v v cvw v wwe 5w 448
7.5.2 The eigenvalues of the electron angular moment projection L, . . . ... ...... 451
7.5.3 Angular momentum and magnetic moment of a
ONS-CIECHON A0 o e Wi 5 o ek Fad Sak Ul Gul el Vel Usd ol ok el Ke 452
7.54 A Schridinger equation for the radial part of the wave function;
BICEHONSASIEY GUANEZANDN: & v v was wis o5 S%0s e wame VAR S5 WEDS SRS 25 457
Gy ORI T e woms miv moem DNE SN QRUR B TS ST N SR SIS B 460
7.5.6 Atomic orbits: hydrogen atom quantum numbers . . .. .................. 461
7.5.7 AtOMIC OTbILS . . . . . e e e e e e 462
T8 Aspin—orbit intergction (fine INMEracHON) o s v as v v Jo i Cos e Fa 467
7:6. ANy -BISEHoh Aol o« cnx s in wan cam sam s o S5 SR S SRR SRR SRR RRE0G 468
7.6.1 Types of electron’s coupling in many-electron atoms . . ................. 469
7.6.2 Magnetic moments and a vector model of a many-electron atom.
The Lande factor . . .. ... . e e 470
7.0, "TheRlome BrIms : ves s W 5.5 bk Ve Sed U 0l 10 Tad Uaed el ok 583 5o 473
7.6.4 ‘Chatacterslic X-rays: NOseley 'S AW o e 5ia v vios soe soiads 5 e sa 473
7.7 An Atom in the Magnetic Field: The Zeeman Effect . ... ..................... 477
7.8 A Quantum Oscillator and a Quantum Rotator. . .. ........ .. .. 480
T.8.1  Delinitions . . .. .. e e e e e 480
7.8.2 Quantum oscillators: harmonic and anharmonic. ...................... 481
T80 A nEid ouanim roOr <5 s 5.0 ves va% G 56 566 TR EO% S s SE e T 486
7.5:4 ‘Printiples 6EMOIeCular SHECHOSEORY oo v va vy pasy v s en Wi Py 3w 491
Probleifislm TasRS . s smncem ey s woms ws wowms s SR RN 08 NEER RIR WS WO ET WS RET WG 494
N 495
8 Physical Principles of Resonance Methods in Chemistry. . . . .................... 497
8.1 Selected Atomic Nuclei Characteristics . . ... .. ...ttt enn . 497
.11 Annsleon mboel O DUEIeI o 5 ok 5% 5ed 5as @ ak FO el Tasal Tk 56 iah 497

8.1.2 NuGlear energy I8VElS: sau s wovs vien sas vov o 5@ VO 9306 o B JuN pee 499



X Contents

513 Nuclesrehurre and sy SIIBOOR o« e sms o wwa eave wom w » ey s @8 » 500

8.1.4 Nuclear quadrupole electrical moment . . . . ... ... ... ... ... ... ...... 501

8.2 Intraatomic Electron—Nuclear Interactions. . . .. ......... ... .. iiinen.... 502

2.1 Gefietal cONSIABTALONS - 65 o6 v CE% T G6% 95 PeN TEH 10% 0 540 e vas » 502

8.2.2 Coulomb Interaction of an electron shell with dimensionless nucleus. . .. ... 504
8.2.3 Coulomb Interaction of an electron shell with a nucleus

of finite size: the chemical shift . ......... ... ... .. . ... . . ... .. ...... 504

8.2.4 The nuclear quadrupole moment and the electric field gradient interaction. .. 506

8.2.5 Interaction of a nuclear magnetic moment with an electron shell . ......... 507

8.2.6 Atomic level energy and the scale of electromagnetic waves ............. 507

8.3 y-Resotiance (MOSShHatery SPECHBSEORY" <5 wan v vias on Fws wass @50 96 5 505 LA K0 508

5.3 Poncipies oF meSonanee abEOTDHO . wua com s w wem e woE 6 v S SR » 508

8.3.2 Resonance absorption of y-rays: Mossbauvereffect . .. ......... ... ... ... 510

8.3.3 7-Resonance (Mdossbauer) spectroscopy in chemistry . . ................. 313

8.34 Superfine interactions of a magnetic NAUIe , .. .. ... view s vm s s is cion anes 913

8.4 -Nuclear Mapnetic Besoniaite (NMR) . o on crer v s an s o e o wan s s s 516

Skl  IHESAUCTION . o aos se wwm wws am @ Swm 0 Gows BHE VWE W G BaE SN B 516

8.4.2 Use of nuclear magnetic resonance in chemistry ...................... ol

8.5 Abilities of Nuclear Quadrupole Resonance. . ........... ... ... .. irir.... 525

8.0 _Electron Paraimndgnetic Resonance (BPR). . von ved s o faid i@l S 8 5 a0 fa 5 ) 526

Problemis) TaskS vy sos ms wws vign 8 voe g S0 VRN 9996 peads Ve sul 599 o Bas e 9 5 328

BOBWEBER. o ss swvave cnn 0 % 6% VDR KRN R 5T RN ST KGR SURREIV SR YR RO R RGN SN KRN 529

¥ SOha SEHE PRSI, o o s pasy wen v o0 0ass sy woe DOTears INSE Ry RO0E SR BT SRR VRS 5 531

91 'Crystal SEactme) Crystal LaMieR v« vs s s v wmoan s s v s o sies 5o 531

2 EISROnT TS o v san s woe 0 v S SETE SUSDRNE WISE O MEVE A0 OGN SUNCH SHTE & 537

9.2.1 Energy band formation. . ... ...... .. .. ... 537

0.2.2 Elements of quantum statiStiCs . . . . . . ...ttt it e e 540

923 Band theory of SOHOS o o v vws e vas 00% 93 2us UEE 65 e 597 G605 Wals 44

9.3 .Lattice Dynanncs and Heat Capacity of CryStals ... con oo wan vnn s o win svan s 5 545

9.3.1 The Born—Karman model and dispersioncurves. . ..................... 545

9.3.2 The heat capacity of crystals ... ......... ... 550

0.4 Crystal Defects . ... e e 561

041 Polntdelecls ou ves vam vnn oa von dam vois Fhilak 67 wem T o 590 Tes v ; 561

G002 DEHSIGERNGIE: v v vy 5o 5o 5 LE 2998 O0Ass BE REN D909 Fa B0k DA B8 5 563

9.3 “Transport Phenomena nv Liguids and SOHAS ..« con cow om s v wame sm w0 an smes wa 567

9.6 Some Technically Important Electric Properties of Substances. . ................ 571

Problems/ Tasks . . . . .o 577

N L J78

Appendix 1 . ... e e e 581

APPeNAIX 2 . .. e e e 589

APDEROIX 3 o o e Tad W 5l Ba Ved Eas o 0k 10 Vel Ve s el bl Ned Sad W 5 aE Tek Fad b 591



Contents X1

BRPENARE D o oo vnvs come e wass S S 5 KO SESE DA GTHE K0 TTH N0 B S SIS S SR 595
APPENAIX S . . e e e e e e e 599
Glossary of Symbols and Abbreviations. . . . .. .. ... ... ... .. .. ... ... .. 605



This page intentionally left blank



All miracles of nature, no matter how extraordinary they
are, have always found their explanation 1n the laws of physics

Jules Verne
Journey to the Center of the Earth

Preface

In this new century, the development of science, technology, industry, etc., will require
new materials and devices, which will in many respects differ from those of the past. Even
now, there are many such examples. Certainly, the main foundation of these achievements
1s science, primarily physics, which enables the solid building of chemical, biological and
atomic technologies, etc.

In general, this book 1s a textbook on physics, but takes the above circumstances into
account. It is aimed at students and scientists in the field of technology (chemical, biological
and other branches of sciences), who will be working in the times ahead. The book differs
substantially from standard physics textbooks in its choice of subjects, the manner of its
presentation, selection of examples and illustrations as well as problems to be solved by the
reader. The book contains problems important for chemists such as the language of potential
curves and the essence of the theory of molecular collisions, and a large part 1s devoted to
molecular physics with classical Boltzmann and Maxwell statistics, transport phenomena,
etc. In a special part, the dielectric and magnetic properties of molecules are considered from
the point of view of their structure. Optics 1s also covered in order to give the reader some
idea of how 1ts laws can be used for molecular structure analysis. Quantum mechanics 1s
presented in an adapted form, aimed at a description of atomic and molecular spectroscopy.
A special chapter describes tunneling both as a general phenomenon and as a mechanism
of chemical reactions. Special attention 1s paid, also in an adapted form, to inter-atomic fine
and superfine interactions, which are the basis of many modern and productive physical
methods 1n the field of atomic and molecular structural investigations. Solid-state theory is
presented on the basis of quantum statistics in order to form a bridge to their properties.
A new technological field—nano-scale technology—is touched on here. In our opinion,
no other textbook covers the sophisticated modern subjects mentioned above in such an
acceptable form.

Physics always operates with certain models—simplified representations of real sys-
tems. The ideal gas model is one such example. Despite its variety of real gas properties,
this simple model assists in understanding the behavior of more complex systems using
more complex factors permitted within the model, and it provides numerical results. For
example, the introduction of additional interactions leads to van der Waals’s gas and allows
further inclusion of virial factors, which in turn make the model more universally applica-
ble to all gases. When using the model, the level of required accuracy has to be defined and
on that basis, an appropriate model can be selected.

The authors have aimed to make the subject matter easy to master; therefore many
theoretical approaches in the text have been presented 1n an adapted manner, while the
more strict proofs are given separately throughout each chapter in the Examples, in the
Problems/Tasks at the end of each chapter, and particularly in the Appendices. A set of
important constants is given in Appendix A1 to facilitate the solution of the problems. Units
of measurement of physical values are also listed there.

X1ii



X1V Preface

The text is further enhanced by the illustrative material, including selected drawings,
graphs and tables, which are an inseparable part of the book and greatly simplify under-
standing of the text. The book will be particularly useful for students, not only in the nar-
row area of their future profession but also in allowing them a broader glimpse of the
surrounding world. In our opinion, this is necessary to encourage in the young people of
the twenty-first century a firm perception of the world as an objective reality. The book
pays a good deal of attention to the laws they need to learn in order to acquire new know-
ledge and to use if to expand human possibilities both in industrial and spiritual spheres of
activity.

The book’s nine chapters provide a description of the main laws of mechanics, statisti-
cal physics, thermodynamics, physics of dielectrics and magnetics, wave optics, quantum
mechanics and physics of electronic shell of atoms, solid-state physics, physics of electro-
magnetic waves and physical methods of investigation. It contains a large amount of com-
prehensive information, useful for everybody in all stages of tutorial, practical and
scientific activity.

For successfully understanding the book, the reader should have a knowledge of the
mathematical laws of, and some experience regarding, operation with vectors, differentia-
tion and integration of elementary functions and others. Mathematics 1s the language of
physics: the faults in mathematics must be considered as the faults in physics.

The book 1s the fruit of our long experience at the Mendeleev University of Chemical
Technology (MUChHKT) in Moscow. The results we have achieved have had a great influ-
ence on the content of the book and the problems chosen. One of us (RO) participated in
publishing a textbook on physics under the auspices of the “State Program of Education
and Science Integration” (“Physics in Chemical Technology” in collaboration with
Professor E.F. Makarov from the Institute of Chemical Physics of Russian Academy
of Sciences). Although it appeared in a very limited edition, which meant that the book
wasn’t available for purchase, it has nevertheless greatly influenced the publication of this
new work. One of the authors (RO) has spent a relatively long time at The University
of Western Australia (UWA) in Perth, and this too has had a significant influence on the
content and style of the book.

R.P. Ozerov
A.A. Vorobjev
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Recommendations to the Solution of the
Physical Problems

Readers are recommended to begin solving the problems by writing down the given data
in the normal way. On the left-hand side, all the data should be written in a column as accu-
rately as possible. At this point, it 1s useful to translate all the given date to the SI system
of units in order to avoid confusion at the end. In the majority of cases, it is also very
useful to make a competent analysis of the task, choose a reference system, and make the
drawing indicating all the details correctly; with the proper indication of all details; it can
be said that a reliable drawing 1s 50% of the solution.

The solution should be carried out, as a rule, in a general form, i.e., without intermediate
numerical calculations down to the final answer; this means that the symbol for the physi-
cal value sought should remain on the left-hand side of the answer, while the symbols for
the physical values of the given conditions and the necessary physical constants should be
on the right-hand side. The values of physical constants are listed in Appendix 1.

It 1s also useful to accompany the decision with a brief explanation, both physical and
mathematical, to state the physical ideas behind the solution. Moreover, the mathematical
treatment should also be explained: if the definite integral 1s treated, the limits should be
explained. In square root calculations it is desirable to explain whether both roots should
proceed or one root should be rejected and why? The final answer in a general form should
be marked by any way. We especially want to emphasize that a general solution 1s of
greater significance and value: 1t means that not just the particular problem has been
solved, but a real task. The results can then always be used to solve similar problems with-
out starting the treatment again from the very beginning.

The analysis of the dimension of the result is one of the important stages of the solution;
it permits one to be confident of the result. It is necessary to carry out calculations keep-
ing the desired accuracy in mind; more often three significant figures will be sufficient.
The numerical answer should be written down as a number increased to the proper power
of 10 or using multiple prefixes, e.g., A = 2.56X107 J and/or 25.6 M1.

It 1s important that one should be certain that a reasonable result has been achieved, 1.e.,
the speed of a body does not exceed the speed of light, or its size does not exceed the size
of the universe, etc.

We wish our readers all success!
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